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RCL MINIATURE switches 
MINI MIDI MAXI 


v2" OD %"” OD 136” OD 
Up to 12 positions Up to 12 positions Up to 24 positions 
Up to 6 poles/deck | Mu to 6 poles/deck Up to 12 poles/deck 


PC or solder terminals Multi-deck models available Multi-deck models available 


[_] Totally enclosed. [] Low contact resistance. [] Long life — up to 200,000 mechanical 
Operations. [_] Intermix of shorting and non-shorting action available on same deck. 

[|] Explosion and contamination proof. [_] Rugged terminals integrally molded into switch body. 
{_] Priced comparable to open deck wafer-type switches. 


Completely automated facilities enable RCL to offer low cost commercial versions 
at competitive prices for use in commercial applications. 
(1,000 piece quantities cost just $1.96 each) 


DELIVERY FROM STOCK 


Write for complete technical information 
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cost less than 


It doesn’t happen often. But in the case of 
microwave transistors, you don’t have to 
trade off performance to get the lowest 
price. That’s because we’ve combined 
advances in silicon semiconductor tech- 
nology with efficient mass-production. 
The result to date has been: 


The workhorse: HP 21. 
This small signal transistor is the 
backbone of any RF/microwave amplifier 
design. It has a 12 dB gain at 2 GHz 
(useable to 5 GHz), a uvise figure of 
4.2 dB at 2 GHz and a price of only $19 
each in small quantities. So you won't 
be making tradeoffs in your design. 


Really low noise. 


The HP 22, a significant new high 
frequency device, has a maximum 


(dB) 


eee) 
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Frequency (GHz) 


guaranteed noise figure of 4.5 dB at 

4 GHz with 6.5 dB gain when biased for 
optimum NF (10 V, 5 mA). With 3 

dB more gain across the band than the 
HP 21, the HP 22 is useable to 8 GHz 


= ae 

in its stripline packages. All for just $75 
each. No other transistor can make 

that statement. 


More power out. 


That’s the function of the new HP 11. 
It fills the power gap between the HP 21 
and high power devices. As a preamp 


Power Out (dBm) 
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output or linear driver, it offers low 


distortion from 2 to 4 GHz. Yet it costs 
the same as the small signal HP 21. 


The low price of success. 
You've seen the kind of performance our 
transistors offer. Now let’s get down to 
the cost factor. 


Quantity HP 21 HP 22 HP 11 
1-99 $19 $75 $19 
100+ 15 65 15 


Domestic USA prices for stripline packages.) 


Can you afford not to use them? 


frequency transistors 
second best. 


Firm delivery 
and great reliability. 
We can deliver most orders from stock. 


And you can count on device reliability. 
Our proven manufacturing process not 
only provides excellent parameter 
stability from batch to batch but insures 
healthy devices. Like 10 million hours 
MTBF for the HP 21. 


An HP field engineer is nearby to answer 
your questions and handle your orders 
promptly. Why not give him a call for 
complete information about our 
transistors. Or write Hewlett-Packard, 
Palo Alto, California 

94304. 
Europe: 1217 
Meyrin- 
Geneva, ¢ 
Switzer- 


land. 


caught 


04117 


HP transistors:a small price to pay 
for performance. 
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so you dont have to. 


Not only the decoder /driver but the memory too! excellent readability over a wide viewing angle 
Now available for mmediate delivery is the in a compact .600 inch by .400 inch package. 
HP 5082-7300 series solid state display. Best of all is the price: $10.00 each in 1K 

It’s completely TTL compatible. All you do is quantities. So why wait? Order now! For ‘nzmediate 
address it directly with four-line BCD input. The delivery on the HP 5082-7300 call your local HP 
on-board IC allows for either the storage of input sales office, or Hewlett-Packard, Palo Alto, Calif. 
data or real-time display. You save design time, 94304. In Europe: 1217 Meyrin-Geneva, Switzerland. 
space, and money, and get a completely reliable 
integrated display system. 
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Publisher’s letter 


oO wide-ranging three-part series 

on optoelectronics finishes up 
this issue with a look at the near fu- 
ture—at ultra high-capacity memo- 
ries and information retrieval sys- 
tems (see page 60). Incidently, the 
series is available as one reprint. If 
you want one see the note at the end 
of the article on page 71. 

Speaking of wide-ranging, that’s 
the phrase that our solid state edi- 
tor, Larry Altman, himself uses to 
describe the field. Larry, who 
ranged widely around the country 
while assembling material for the 
series, was impressed by the great 
variety of things that are optical. 
From tiny light-emitting diodes to 
giant optical character recognition 
readers, from eyes for the blind to 
laser eye welders, from optical isola- 
tors to surveying equipment, from 
light communications gear to sen- 
sors against polluters. 

“In fact,” says Altman, “it’s prob- 
ably the best technology for the 
small manufacturers to jump into, 
because a good idea can be quickly 
translated into a piece of equip- 
ment. Most high-technology optical 
gear can’t be mass produced, so a 
minimum of capital is needed. 

“Besides it’s one of the new, 
‘clean’ technologies, doing good 
work. Pollution monitors, blind aids, 
auto guidance systems, traffic con- 
trol, library files—all these optical 
things are people-oriented.” 


or the golfers among our readers, 

it may come as a bit of a surprise 
to know that a remarkable number 
of top executives in the electronics 
industries are also sailboat skippers. 
Captains of industry during the 
week, captains of rough water on 
the weekends. 


This was one observation made 
by our consumer editor, Jerry 
Walker, after a recent assignment to 
find out what’s on the minds of the 
of the industries’ top brass (Elec- 
tronics, Jan. 3. page 95). And, be- 
cause he is a sailor himself, Jerry 
had previously discovered a number 
of boating enthusiasts in the engi- 
neering ranks. 

On his latest assignment to inter- 
view a president—CBs Labs’ Ren- 
ville McMann (see page 94)—Jerry 
found another sailor. In this case, 
the exec’s fancy was for sailplane 
flying. And, after all, sailplanes are 
the airborne analog of sailboats. 

“The reason for this interest, 
apparently, is that sailing requires 
complete concentration,” he con- 
cludes. “There’s no chance to think 
about the problems back at the of- 
fice. And McMann has added a 
third dimension, so his concentra- 
tion is even more constant.” 

Jerry, who has a sailboat (“Not in 
the executive class, yet”), agrees 
with the concentration principle. 
“When you are out there with the 
sheet straining in one hand, the til- 
ler in the other, and your toes dug 
into the hiking straps, you just don’t 
worry about unanswered letters.” 


e’d like to repeat a note we ran 

last issue in the Readers Com- 
ment department, for those of you 
who missed it. The index of articles 
published in Electronics in 1971 is 
now available. For a copy, circle 
number 340 on the reader service 
card just inside the back cover. 
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KEPCO 


add 1,cligital control to yourP OW ER 


at 


LINE-POWERED 


Plug-in your 115/230V a-c here. 
The shielded transformer and 
feedback voltage regulators pro- 
vide all the power needed. 


GET YOUR OUTPUT HERE, 


a O—10V (or +10V) analog signal that will 
directly program any Kepco operationally 
controlled power supply. 


. 
ve 


&» MEMORY 


The buffered storage frees your 
signal source to do other work. 


IT’S DONE WITH THE KEPCO SN... OPTICALLY ISOLATED, 
LINE-POWERED, DIGITAL- TO -ANALOG CONVERTERS. 


with KERCO youre in contro// 


For complete specifications, write Dept. EH- 14 


SUPPLY* 


> 


OPTICALLY ISOLATED 


ee 
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These optical couplers provide a 
kilovolt of isolation from the 
digital to the analog. 


PUT YOUR DIGITS 


IN HERE: 2 digit BCD 
3 digit BCD 

8 bit binary 

10 bit binary 


gf 12 bit binary 


* or programmable function generator 
or VCO 
or active filter (frequency or ‘’Q’’) 
or d-c amplifier (gain, threshold, offset) 
or comparator 
or calibrator 
or tester 
or anything you contro! 
with an analog voltage 


KEPCO, INC. © 131-38 SANFORD AVENUE © FLUSHING, N.Y. 11352 © (212) 461-7000 * TWX # 710-582-2631 Telex: 12-6055 ¢ Cable: KEPCOPOWER NEWYORK 
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A Smart Way to Beat Your 
Power Supply Size Problem 


OUTPUT TERM. + fers 
MAX. BASE Temp [7 


FUSE INPUT @! 


- -_JAMPS Max 


14" thin, 224” narow, 234” short 


yet this converter produces 1000 vplts 
DC, regulated, from a battery inpyit of 
28 VDC! It weights less than 15 @unces. 
This is only one of our wide variety of 
many small light weight converters, in- 
verters and power supplies — there are 
over 3000 models listed in our newest 
catalog, including size, weight and prices. 
If you have a size problem, why not send 
for an Abbott catalog? 

MIL SPEC ENVIRONMENT — All of the power 
modules listed in our new catalog have 
been designed to meet the severe environ- 
mental conditions required by modern 
aerospace systems, including MIL-E- 
5272C and MIL-E-5400K. They are her 
metically sealed and encapsulated in heavy 
steel containers. New all silicon units will 
operate at LO0°C, 


RELIABLE — Highest quality components 
are used in Abbott power modules to yield 
the high MTBF (mean time between fail- 
ure) as calculated in the MIL-HDBK-217 
handbook. Typical power modules have 
over 100,000 hours MTBF — proving that 
the quality was built in from the beginning. 
WIDE RANGE OF OUTPUTS — Any voltage 
from 5 volts DC to 3,650 VDC is avail- 
able by selecting the correct model you 
need from our catalog with any of a vari- 
ety of inputs including: 


60 cto DC, Regulated 
400 >to DC, Regulated 

28 VDC to DC, Regulated 
28 VDC to 400, 1¢ or 3¢ 
24 VDC to 605, 16 


Please see pages 618 to 632 of your 1971-72 EEM (ELECTRONIC ENGINEERS MASTER Catalog) 
for complete information on Abbott modules 


Send for our new 56 page FREE catalog. 


abbott 


Readers Comment 


,OR 7. ORL 


To the Editor: Designer’s Casebook 
(Oct. 11, p. 73) shows an eight-bit 
parity checker-generator. It should 
be pointed out that an equivalent 
can be built using two SN7486 Quad 
“Exclusive OR” packages (see dia- 
gram, below). Both the price and 


| the package count are considerably 


less than Mr. Gordon’s design. 

His solution and mine, however, 
are rather academic because the 
SN74180 contains all the logic neces- 
sary in one MSTIC package. 

R. W. Anderson 

Department of Chemistry and 
Chemical Engineering 
University of Illinois, Urbana, Ill. 


1 FOR EVEN PARITY 


1 FOR ODD om. +5 


: 


= The author replies that his circuit 
is useful in an MOS system, in which a 
TTL unit would require much 
MOS/TTL interfacing circuitry. 


Index for 1971 


To the Editor: ’ve been a subscriber 
to Electronics for over four years 
now, and have gotten much use 
from your circuit design section, 
technical articles, and newsletters. 
Because your magazine has 
proven so valuable to me, I keep all 
back issues for future reference. 
However, I do not see your annual 
index in either of this year’s January 
issues. Will one be available? 
Frank N. Vitaljic 
Sedro Woolley, Wa. 
= To obtain the 1971 index, circle 
340 on the reader service card. 


Ls 


8 BITS INPUT 


oe 
= 


1), 


LABORATORINIE S, 
5200 W. Jefferson Blvd./Los Angeles 90016 


INCORPORATED 


1224 Anderson Ave./Fort Lee, N.J. 07024 
(201) 224-6900 


(213) 936-8185 Cable ABTLABS 
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Go ahead. 
_ itsreplacement 
just arrived. 


The SVT 6000 Series. TRW’s brand new, high-power, 
high-speed, monolithic Darlington. Available right 
now-—in quantity—for off-line power-supply designs 
(plus sweep generators and many other uses). 

It eliminates 60-cycle transformers and simplifies 
output magnetics. Added together, it’s enough to 
give your next design an overall 5:1 size reduction. 
And sizable cost reduction. 


SVT 6000 does a much better job, too. Handles up 
to 650V, switches in 300nsec, has a gain of 300 at 5A 
(Ic max=15A), and drops heat dissipation way down. 
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LATE NEWS 

In electronic automotive ignition 
systems, the SVT 6000 Series can 
reduce component count and pro- 
vide higher voltages and current. 


We don’t have to spell out the possibilities for you. 
Or remind you of the limitations 60-cycle magnetics 
used to impose on your designs. 

But before you take a hammer to the nearest trans- 
former, reflect. It may be a mother. That’s what 
you've called it, often enough. 

Now call us—for full information. In California, call 
(213) 679-4561, collect. Elsewhere, call 800-421-2061, 
toll-free. Or write TRW Electronic Components, 
Semiconductor Division, 14520 Aviation Boulevard, 
Lawndale, California 90260. 


TRW 


SEMICONDUCTORS 
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Did you know... 
now T-BAR makes 
switching Ef the 
subsystems ff: 


like these? 
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16-Channel Computer/MODEM Interface 


Today, T-BAR is the source for 
switching systems designed and built for 
* computer interface 
¢ data communications 
¢ test and instrumentation 


INCORPORATED 


SWITCHING TECHNOLOGY 


141 Danbury Road, Wilton, CT 06897 
phone: 203/762-8351 


Write or phone for information. 
We make house calls. 


8 Circle 8 onreader service card 


40 years ago 


From the pages of Electronics, February 1932 


With sixteen million of the homes of 
America already equipped with ra- 
dio sets, it is logical that the radio 
industry next consider the nation’s 
automobiles. For here is the next re- 
maining “frontier” to conquer. 

Some 23,000,000 passenger cars 
are now registered in the 48 states of 
the Union, and during 1932 at least 
2,100,000 more cars will be sold. 
Looked at from any angle, here is a 
prodigious potential market for ra- 
dio sales. 


With the introduction of the Senate 
resolution calling for an investi- 
gation of advertising in broad- 
casting, with the move to take 15% 
of the wavelengths for “educational 
institutions,” and with the filing of 
Senator Dill’s bill to destroy clear 
channels, the forces which would 
tear down our present wonderful ra- 
dio system begin to get in their 
work. Where do the attacks come 
from? 

From certain newspaper interests 
which eye radio as competition. 

From “blocs” claiming places in 
the air to disseminate their own 
propaganda. 

From politicians eager to fix their 
own political fortunes, by utilizing 
radio’s popularity, and by getting 
closer control over stations back 
home through the 15% grab of 
“educational” wavelengths. 

From small stations envious of 
the greater service and popularity of 
the successful broadcasters. 


The directors of the Institute of Ra- 
dio Engineers, at its meeting Jan. 6, 
appointed an emergency employ- 
ment committee to provide for radio 
engineers who are in need. Capt. 
R.H. Marriott is chairman. 

A plan has been devised to permit 
employing a number of engineers in 
the making of a radio broadcast sur- 
vey at a wage which will keep them 
in food and shelter until they get 
something else. Such a survey will 
prove of value in the development 
of radio, which is the objective of 
the institute. It can also be made of 
great value to the Federal Radio 
Commission, Congress, broadcast 
stations, radio advertisers, radio 
manufacturers, and the public. 
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In spite of different designs and different contact And the variations increase because— 
applications, rectangular connectors and in the same connector block or shell 


miniature round connectors can now system —you can intermix submin coax, 

2 oe Trim Trio contacts. Installed serves dats ine a ek eniten sills a pes 
with identical tooling. is what the Trim Trio system is all about. 

You get advantages of standardization both Burndy installation tooling cuts costs 

where it counts. Think of the reduction : further. For example, the new Burndy 


in inventory of both parts and tooling. 
, Of the hours saved on operator training. 
Yet design variations are unlimited 
and applications cover the spectrum from 
computers to communications to avionics. 


>= BURNDY 


Norwalk, Connecticut 06856 


CATS™ Coaxial Termination System cuts 
installation time of submin coax or twisted 
pair contacts by 90% over hand installation. 

So make things easier for yourself. 
Standardize with Trim Trio. 


Nobody knows electronics - 


Strong statement? Maybe 
But when it comes to sensing, 
processing, storing, displaying or 
transmitting data, nobody can 
match our experience. Or capabil- 
ities. Look at our background in 
commercial applications alone 

In the utility industry, we're 
working with the Philadelphia 
Electric Company to build a 
complete dispatch control center 
(Part of itis shown above.) It will 
give an operator an instantaneous 


look at the entire bulk power 
complex. Plus projected loads, 
calculated 15 minutes ahead of 
time. Automated compensation 
for actual loads is built right 
into the system 

We're working with the 
automotive industry, too. Our 
Skid-Trol® brake system (complete 
with onboard mini-computer) 
electronically monitors and 
synchronizes wheel deceleration 
to keep big highway rigs 


/ 


H 
7 


aa 


from jackknifing. 

Home entertainment? We're 
there, too. With the “brain” for 
an electronic organ. It converts 
sound waves into digital signals, 
stores them in memory and 
recalls them again as sound 
waves. Beautifully 

You'll also find us in textiles 
The computer-controlled knitting 
machine we helped develop is 
a good example of our electro- 
mechanical capabilities 
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like North American Rockwell. 


And of course, we're in 
business machines. In a big way 
—we're the world’s leading 
supplier of MOS/LSI devices for 
electronic calculators 

And that's just the beginning 
Electronic cash registers and 
point-of-sale transaction terminals 
are a logical next step. We're 
ready with all the technology that's 
needed —central processor, liquid 
crystal displays, output printer 
modem communication, 
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tag readers and even an electronic 
credit card reader. It reads the 
embossed numbers on any 
plastic card and can provide 
instant credit verification. 

There are more examples 
Many more. We'd like to tell you 
all about them. And hear all about 


your products and electronic 
needs. Write us in Anaheim, 
Calif. 92803. Or phone 
714/632-4195 

Nobody can solve your 
electronic problems like North 
American Rockwell. We'd like 
to prove it 


North American Rockwell 
Electronics Group 


P-8. PDP-11. For OEM's - 


A few months ago, we came out With prices as low as $2436. In We must have hit on the right 
with new low cost versions of our _— quantities of 50. combination. We’ve been mixing it 
PDP-8 and PDP-11 families for the We made sure they’d have the up with some of the toughest OEM's 
the OEM. features, architecture and compat- around. And coming away with 

ibility that make PDP-11 and PDP-8 _ their business. 
the most popular, most imitated 
minis ever. 


who hate to spend money. 


We're after your business, too. Digital Equipment Corporation, 
Because now we have the right 146 Main Street, Maynard, Mass. 
computers. At the right prices. 01754. (617) 897-5111. 


From the right company. 
Come and get 'em. 
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HOW MANY 


OP AMPS 


MATCH 
THESE 
GUARANTEED 
SPECS? 


m@ Vos DRIFT 
0.6 uV/°C Max. 


@ los DRIFT 
40 pA/°C Max. 


m@ Vos, 0.5 mV MAX. 


m@ INPUT NOISE 


15 nV/,/ Hz Max. @ 10 Hz 
(85 nV rms, 0.1 Hz to 10 Hz) 


@ GAIN, 1,000,000 Min. 
m@ CMRR, 120 dB Min. 
@ $15.00 @ 250 PIECES 


ONLY ONE! 
THE 
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IMMEDIATE DELIVERY 
FROM DISTRIBUTOR STOCK 


PRECISION 


AITND ,MONOLITHICS 


1500 SPACE PARK DRIVE, SANTA CLARA, CALIFORNIA 95050 
TEL. (408) 246-9225 * TWX 910-338-0528 »* CABLE MONO 


A BOURNS Aftiliate 
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Wheeler believes it’s time 
to combine technologies 


The usual course of events in the 
semiconductor industry, and espe- 
cially in the MOS business, is to “run 
like hell to develop a new tech- 
nology, and then run like hell trying 
to push it down customers’ throats.” 
That’s how Warren C. Wheeler sees 
it. And Wheeler, senior vice presi- 
dent and a founder of American 
Micro-systems Inc., and first presi- 
dent of its recently formed Micro- 
products division, speaks from expe- 
rience. He has worked on develop- 
ment of the MOS process, as well as 
design and application of MOS de- 
vices, for the last 12 years—first at 
Fairchild Camera & Instrument 
Corp.’s R&D Lab, then at General 
Microelectronics, now at AMI. 
Wheeler says that the time has 
come “where technology will slip 
into the background and circuit 
techniques will come up front.” In 
the past, a new technology might 
have meant new products or a new 
market. But, he says, “technology 
returns are diminishing rapidly.” 
Use what is here. One way to fill 
that growing vacuum, Wheeler be- 
lieves, may be to combine existing 
technologies. “For example, an 8K 
random-access memory might be 
built with an MOS ‘core’ and bipolar 
drivers and decoders.” While such a 
product could not be built with to- 
day’s bipolar or MOS process alone, 
Wheeler suggests that, 
trying to invent a new process, de- 
signers should apply what exists. 
AMI has never pushed a process. 
While the newcomers were yelling, 
“Silicon gate is the answer,” AMI 
outshipped them with its standard 
p-channel devices. Only when a new 
process had a definite advantage, 
would AMI put it in production. 
Since being named president of 
the new division, Wheeler says, he 
has been doing some soul-searching 
about the future. “When I open a 
magazine and read that a company 
plans to put a whole system on a 
single large MOs chip and sell it for 
a dollar or two, I feel that I’d rather 
be in the TTL business. Instead of 
putting everything on a single chip, 


instead of 


ae. 


Wheeler: To make a market—but not kill it. 


we should be producing smaller 
functions.” 

Wheeler points to the extremes of 
MOS large-scale integration and TTL 
small-scale integration and says that 
there is room between them to grow. 

“Using an n-channel TTL-compa- 
tible MOS process, we can do a very 
good job in making parallel shift 
register and multiplier-type cir- 
cuits—we can replace bipolar me- 
dium-scale integration with 
MOS/MSI and produce a better, less. 
expensive product and still make a 
good profit.’ With this approach, 
Wheeler hopes to avoid doing what 
he says the semiconductor industry 
does best—‘create a new market 
and then kill it by driving prices into 
the ground.” 


Tarzian sees his people 
as part of his family 


It isn’t difficult to find employees in 
any large company willing to say 
nice things about the big boss. But 
when you talk to the people at Sar- 
kes Tarzian Inc., the television-tuner 
maker in Bloomington, Ind., the im- 
pression is that just about all 1,400 

employees think that the 72-year- 


Tarzian: Keeping it all in the family 


The laser label reader converts the varying reflections from the box label to binary 
coded pulses. A He-Ne laser is the ideal illumination source because it needs no 
complex focusing optics. Furthermore, the precise beam is collimated all along its 
length, making the system largely independent of the box position. 


(Sy Spectra-Physics 


NOW, 
SOMETHING EXTRA 
IN SPECIALTY GASES. 


SSS 
ST gs 


108-page 

catalog. 

c,| The most 

~~, “x | Comprehensive 
in the 


=, 
eC: ro 
<I industry. 
Oh sure, we’ve always made more specialty gases than anyone else. 

After all, Linde is a Division of Union Carbide, a corporation that’s 
been making industrial gases for over 50 years. 

But for the first time we combined the gases and the equipment 
and cataloged it all for you. Color-coded the sections, so you quickly 
get what you want. 

And we supply what you want quickly too. Five hundred Linde 
Distributor locations nationwide provide fast service, but we mean 
really fast service. Cost-cutting FOB delivery too, because we have 5 
plants across the country. 

Linde’s product know-how can even help you pinpoint your needs. 
Not just in specialty gases and types of containers, but in control 
equipment too. 

They’re all there in our new 
catalog. Our little something extra 
to help make your job easier. 
Send for your free copy today. 


UNION Bitty 
Ut iti PRODUCTS 


Linde is a registered trademark of Union Carbide Corporation 


UNION CARBIDE CORPORATION 
LINDE DIVISION, Dept. LB—E 
270 Park Avenue 

New York, New York 10017 


Gentlemen: 
Please send me ‘“‘the something extra”’ in specialty gases. 


NAME 


TITLE 


COMPANY. 


ADDRESS 


CITY. 
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old Tarzian himself is the greatest 
thing that ever happened to them. 
The question, then, is why? 

The answer, says his staff, is that 
the man thinks of his workers as 
family—and then treats them that 
way. Every company has its em- 
ployee benefits, but to Tarzian those 
benefits appear to be a way of life. 
And there’s another ingredient. 
“The main thing about my father,” 
says Thomas Tarzian, a develop- 
ment engineer at the plant, “is he 
believes in letting people do their 
own thing. He’s eanny in hiring and 
allows autonomy on all levels.” 

Informality is the rule at the Tar- 
zian plant, which has never been 
unionized. Tarzian is fond of tour- 
ing the plant, getting to know his 
people, and being accessible to all of 
them. He has not only built a com- 
pany swimming pool, established 
recreation programs, and made a 
policy of paying tuition for contin- 
uing job-oriented education, but he 
moves behind the scenes, too. When 
a fire wiped out the home of a Tar- 
zian employee not long ago, Tarzian 
was the “anonymous” donor who 
contributed the funds to get the 
family back on its feet. 

Pioneer spirit. The senior Tarzian, 
with a BSEE and an MSEE from the 
University of Pennsylvania, started 
out as chief engineer for Atwater 
Kent Manufacturing Co., and later 
became chief engineer for RCA, first 
in Argentina and then in Blooming- 
ton. In 1944, Tarzian foresaw the 
success of television, and began a 
manufacturing company for what 
he thought was a set’s most impor- 
tant component—the tuner. Since 
then, the company has grown to in- 
clude plants in the U.S. and Mexico, 
as well as television and radio sta- 
tions in Indiana. Tarzian holds sev- 
eral patents and was instrumental in 
developing the variable-time fuze 
while at RCA. The fuze was used 
during World War II. 

But perhaps the truest reading on 
his personality can be gained from 
one project that he enjoyed partic- 
ularly. He was instrumental in 
bringing a circus to Bloomington— 
and then got one of the thrills of his 
life by riding an elephant in the pa- 
rade. 
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The Fluke problem solver 


The DVM you put together 
an option at a time, anytime 
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Because we use single main frame construction with 
all options field installable, you can configure the 
Fluke 8200A anyway you want when you buy it or any- 
time you want to change it. It’s Fluke’s way of giving 
you total flexibility for minimum money. It’s one of the 
reasons Fluke has moved to DVM leadership in a 
scant two years. 


Here’s what you get for just $995: [] 4% digits with 
60% overranging for 16000 count resolution [] Auto- 
ranging and autopolarity on all functions _] Switched 
input filter [7] Full 1000 volt guarding [] +0.01% accu- 
racy [_] Fluke’s unique recirculating remainder* A to D 
conversion which combines low parts count and low 
power consumption to provide higher reliability. 


To the basic unit you can add: (_] Two ranges of milli- 
volts, giving you autoranging from 1 microvolt resolu- 
tion up to 1200 volts input (_] Six ranges of ohms meas- 
urement, providing autoranging from 10 milliohms to 
16 megohms [] Four ranges of ac volts (_] Four ranges 


Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850/In 
Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Phone: (04250) 70130. 
Telex: 884-52337/In the U.K., address Fluke International Corp., Garnett Close, Watford. 

WD2, 4TT. Phone: Watford, 33066. Telex: 934583. 


Eat aN 14g 


of true rms ac volts [7] Isolated 4-terminal, real-time 


ratio measurement. 


A real systems DVM too: [7] Speeds up to 400 readings 
per second with full accuracy after only a 500 micro- 
second look at the input [|] Isolated and buffered data 
output for digits, range, functions and polarity—with 
Status flags [J Isolated remote control for continuous 
or buffered input commands [_] Isolated and buffered 
printer output. 


Ask for Fluke’s 8200A Application Bulletin No. AB-10 
for systems designers. 


The 8200A’s single main frame and field-installed op- 
tions let you configure the most cost-effective 41% 
digit DVM on the market. 


To arrange a demonstration or get complete informa- 
tion, call your nearby Fluke Sales Engineer or contact 
us directly. 


*Patent pending 


FLUKE 
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Accept 
No Substitutes! 


The New HP Series 9800 is the best program- 
mable calculator system now—and in the foreseeable 
future. Price. Performance. Simplicity of operation. 
No matter what criterion you use, there is absolutely 


no other system on the market that can match the Series 
9800. 


Only HP Offers You All This For The 
Low Price Of $2975 

To build your personal desk-top computing sys- 
tem, start with the Series 9800/Model 10 Program- 
mable Calculator. Your basic Model 10 comes with 
standard equipment that is either not available, or 
available only as an extra-cost option, on other ma- 
chines. 

If bad experiences have taught you that basic is 
synonymous with stripped—have no fear. The basic 
Model 10 can perform a complete regression analysis, 
or solve a system of 10 simultaneous equations. 


Only HP Offers You A Fully 
Modular Calculator 

The unique, modular/plug-in architecture of the 
Model 10 lets you “design” your own problem-solving 
system. You can expand the memory, add peripherals, 
or change the keyboard of your existing Model 10, at 
any time. 


Only HP Gives You A Fully 
Expandable Dual Memory 
The Model 10 has a unique dual memory system 
—one memory for programs and one for data. You can 
expand from the basic 500 program steps and 51 data 
registers to 2036 program steps and 111 data registers. 
Beware of simple number comparisons with other 
calculators. The refinements in the memory design and 
the keyboard make the Model 10 so efficient that in 
most cases it requires fewer steps to execute a given 


problem. 
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Only HP Lets You Design Your 
Own Keyboard 

Interchangeable keyboard plug-in blocks give you 
a choice of powerful Statistics or Mathematics func- 
tions, complete with their own memories, under single 
keystroke command. Another option, the User Definable 
Function plug-in, lets you customize individual keys 
with operations uniquely important to you. 


Only HP Offers An Alphanumeric Printer 

By simply inserting the exclusive HP Alphanumeric 
Printer Plug-in, you can automatically generate labels, 
program instructions, or messages—in English—right 
on the printer tape. 


Only HP Gives You A Wide Choice of 
Sophisticated Peripherals 

The I/O bus of the Model 10 lets you plug-in a 
Marked Card Reader, Paper Tape Reader, Digitizer, 
Typewriter, Tape Cassette, or the exclusive X-Y Plotter 
that plots linear, log-log, semi-log, or polar plots, and 
writes alphanumerics. 
Only HP Offers You A Totally New System 

The Series 9800 is no paper tiger. It’s available 
now to free you from the drudgery of problem-solving 
so you can get on with your job of innovative thinking 
and designing. For more information or a “hands-on 
demonstration” at your desk, write: Hewlett-Packard, 
P.O. Box 301, Loveland, Colorado 80537. In Europe: 
1217 Meyrin-Geneva Switzerland. 
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HEWLETT pu) PACKARD 
CALCULATOR PRODUCTS 
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Putting MOS 
Circuits To Work 


Practical Interface Methods 
Underlie Burgeoning Success 


MOS usage is mushrooming, and the long run usefulness of the various 
MOS technologies depends strongly on their abilities to interface with 
each other and with bipolar circuitry. In some cases complete systems 
will be built exclusively with MOS techniques. More typically, MOS 
devices will be used for those portions of a system where low power 
and/or high density are required. In very large systems particularly, the 
predominant high-speed portions are likely to be implemented with faster 
MECL or TTL logic, with lower speed storage functions being assigned 
to MOS memory devices. Interface problems, therefore, take on con- 
siderable importance. 

Interfacing between different MOS and bipolar circuits varies in com- 
plexity. Some low-threshold MOS processing permits MOS and bipolar 
devices to coexist without any special supplementary circuits. With 
others (as with some dynamic shift registers) a combination of clock 
drivers and voltage-level translators is the price of effecting a compatible 
union. 

Two following device discussions represent the extremes of MOS- 
bipolar circuitry interface requirements. The high threshold, metal-gate, 
static register demands level translation at the input and output, as well as 
clock generation. Comparatively, the low-threshold silicon-gate dynamic 
circuit requires only clock generation. Somewhere between lie most of 
the possible interfacing combinations. 


Interfacing with High-Threshold MOS 

The MC1160G dual 100-bit static shift register is a high-threshold device 
with the negative logic | level specified as at least 9 volts below Vgg. The 
clock input voltage is specified as at least 25 volts below Vgs. This high 
clock pulse amplitude is used to achieve the maximum circuit speed. 

In a typical interface application, where the shift register is driven 
with bipolar logic, the required high operating voltages are achieved by 
setting Vg at +14 V, Vpp at ground, and Vgq at —14 V. This allows 
the use of high-voltage, open-collector DTL or TTL gates as input volt- 
age-level translators. In a typical system of this type, the 5-volt signal 
levels of conventional DTL and TTL integrated circuits are converted 
into the necessary high-voltage drive signal for the high-threshold MOS 
shift register by means of an interface inverter. In turn, a line receiver 
or resistor divider converts the high-voltage output of the shift register 
to the 5-volt logic range of DTL and TTL designs. 

To obtain the 25-volt (or higher) clock signals, #1 and $2, the clock 
drivers are required to swing from +14 volts to —14 volts. Any non- 
overlapping clock generation scheme which assures a clock OFF time 
of greater than 10 ns but less than 10 ys is suitable. 


Interfacing with Low-Threshold MOS 


The MC2380 is a “bipolar compatible” silicon gate dynamic shift register 
similar in size to the MC1160. The threshold voltage is low enough so 
that the same operating and signal levels can be used as with bipolar 
saturating logic. A pull-up resistor should be used with the TTL gate 
driving the shift register input to insure that the totem pole output of 
the TTL circuit will be pulled above the MOS threshold level. 

The output transistor of the MC2380 shift register is an open drain 
device, tied to Vgs, with sufficient drive capability to interface directly 
with one TTL load. 
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Character Display System 


MOS Memories 


The unique attributes of the MOS technology lend them- 
selves ideally to semiconductor memories. One of the first 
major uses of MOS in this category has been in read-only 
memories (ROMS), which have become available as off-the- 
shelf products in impressive numbers. Interesting examples 
of these are the standard Motorola MCM1131 column-select 
and the MCM1121 row-select 5 x 7 USASCII character 
generators. 

A character generator generates the voltage patterns 
(of “1’s” and “0’s’?) needed to form numbers, letters and 
symbols to be displayed in a 5 x 7 dot matrix on cathode-ray 
tubes or 5 x 7 LED arrays. Each of the specific patterns 
for 64 different characters is stored at specific addresses in 
a 2240-bit ROM with each character occupying a 35-bit 
matrix in the memory. When the 6-bit address code asso- 
ciated with a particular character is applied to the six address 
lines (the 6 bits define 64 USASCII characters) it is decoded 
by an address decoder that selects the associated 5 x 7 matrix 
in the memory. Then, when one of the five columns of that 
matrix (in the “column select” version) is energized, a 
“word” of seven parallel bits corresponding to that particu- 
lar column appears at the output. The five columns of the 
matrix are sequentially energized to provide a five-word 
sequence of seven parallel bits per word for each character 
selected by the address inputs. 


The Interfacing 


Of the various circuits used in the illustrated display system, 
only the character generator itself is an MOS device. All the 
others are either TTL or DTL circuits. Voltage-level trans- 
lation is required at the interface points. 

In this system, the first interface requirement is between 
the character generator, with its zero-to-14 volt output swing, 
and the 1-of-8 selector with its zero-to-5 volt input require- 
ment. To simplify interfacing, the generator outputs are 
open drain FETs that permit the use of external pull-down 
(load) resistors. The pull-down resistor at each output is a 
pair of series-connected resistors going to the —14 V supply. 
The inputs of the TTL 1-of-8 selector are connected to the 
junctions of these series resistors. 

The simplified schematic of this arrangement is shown 
for both MOS to TTL and TTL to MOS interface. In opera- 


CHARACTER 
GENERATOR 


MC7473 


MC1820 HEX INVERTER 


Simplified schematic diagrams of MOS-to-TTL interface (a), and 
TTL-to-MOS interface (b). 


tion, when Q1 is cut off, a negative voltage appears at point 
A. This causes diode D1 to conduct and clamps the voltage 
applied to the emitter of the TTL input circuit to one diode 
drop, or —0.7 V. This is recognized by the TTL gate as a 
“zero” which defines a space, or “no dot.” If the input to Q1 
is negative, the FET is turned on. The voltage at A, there- 
fore, increases to a positive (+) value between 2.5 volts and 
4 volts, above the TTL input threshold. 

The point is, however, that the high-voltage signal at the 
output of the FET has been translated to the reduced voltage 
swing needed at the input of the TTL circuit. The COLUMN 
SELECT inputs to the character generator likewise need 
level translation — from the low TTL output voltages to the 
relatively high drive voltages needed by the MOS circuit. 
This is achieved by the high voltage open collector DTL and 
TTL circuits mentioned earlier. 

This concludes a series designed to present a realistic, 
objective analysis of MOS technology in a dynamic, com- 
petitive industry. Of necessity it is superficial. For a more 
complete insight to this broad subject, and the scope of 
Motorola’s involvement, circle the reader service number or 
write to Motorola Semiconductor Products Inc., P.O. Box 
20912, Phoenix, AZ 85036. 


MOTOROLA MOS 


—Directions in digital designs 
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There’s more to us 
than meets the eye! 


and it comes in one package, ready to plug in. 


Providing the most versatile, eye ap- 
pealing displays is our main endeavor 
—but our concern doesn’t end there... 
not by a long shot. We look beyond to 
the point of application and how we 
can save you hours of engineering de- 
sign time and multi-vendor selection 
procedures. For instance, we 
can deliver the complete display 
package (readouts, drive elec- 
tronics, switches, bezels, mount- 
ing hardware, etc.) ready to 


plug in at a price that lets you forget 
about the preliminaries. Typical, are 
complete assemblies, from low cost 
commercial equipment, all the way up 
to complex RFI/safe military systems. 
It’s a total package concept that makes 
sense in many ways. Give us a call. IEE, 
“the plug-in people.” Industrial 
Electronic Engineers, Inc., 7740 
Lemona Avenue, Van Nuys, 

Calif. 91405. Telephone: (213) 

® 787-0311*TWX 910-495-1707. 


Meetings 


International Convention & Exhibi- 
tion: IEEE, Coliseum and N.Y. Hil- 
ton, New York, March 20-23. 


International Electronic Compo- 
nents Exhibition: FNIE, Parc des Ex- 
positions, Porte de Versailles, Paris, 
April 6-11. 


International Geoscience Electron- 
ics Symposium: IEEE, Marriott Twin 
Bridges Motor Hotel, Washington, 
D.C., April 9-14. 


International Conf. on Magnetics 
(INTERMAG): IEE, Kyoto Inter- 
national Conference Hall, Kyoto, 
Japan, April 19-21. 


International Symposium on Circuit 
Theory: IEEE, Sheraton-University 
Hotel, Universal City, Calif., April 
19-21. 


Southwestern IEEE Conf. & Exhibi- 
tion (SWIEEECO): IEEE, Baker Hotel 
& Dallas Mem. Aud., Dallas, Texas, 
April 19-21. 


Conf. on Computer Aided Design: 
IEEE, IEE, University of South- 
ampton, Southampton, England, 
April 25-28. 


National Telemetering Conf.: IEEE, 
Houston Shamrock Hilton Hotel, 
Houston, Texas, May 1-5. 


Electrochemical Society Spring 
Meeting: Electrochem. Soc., Sham- 
rock Hilton, Houston, Texas, May 
5-12. 


Quantum Electronics: IEEE, AIP, 
OSA, APA, Queen Elizabeth Hotel, 
Montreal, Canada, May 7-11. 


International Semiconductor Power 
Converter Conf.: IEEE, Baltimore 
Hilton Hotel, Baltimore, Md., May 
7-10. 


Spring Joint Computer Conf.: IEEE, 
Convention Center, Atlantic City, 
N.J., May 15-18. 


Aerospace Electronics Conf.: IEEE, 
Sheraton Dayton Hotel, Dayton, 
Ohio, May 15-17. 
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Do you recognize 
these famous 
0. 2’s? 


Babe Ruth was No. 1 Texas was No. 1 Cherry is No. 2 
for single season home runs for 41 years in size for 114 distinguished years... in the manufacture of precision snap- 
... then along came Roger Maris. then along came Alaska. action switches. So far. 


But remember Roger Maris. And Alaska. 


Second place is a far cry from second best. Just ask any Texan. 
Or, better yet, ask any Cherry customer. There are thousands of them: 
Savvy, demanding pros who have specified and used 160 million 
Cherry snap-action switches. Perfectionists who would never settle for 
anything less than No. 1 quality .. . first class dependability . . . second- 
to-none selection . . . can’t-be-beat delivery and price. 

Free: 2 from No. 2. Send for (1) a free sample switch and (2) a 
complete, 44-page Cherry switch Catalog. You'll see why Cherry has 
become the 2nd largest supplier of precision snap-action switches. (And 
| ) why we look to Roger Maris and Alaska for inspiration.) 


CHERRY ELECTRICAL PRODUCTS CORP. 
3608 Sunset Avenue, Waukegan, Illinois 60085 


Makers of patented Leverwheel/Thumbwheel Switches, Matrix Selector Switches, Snap-Action Switches and Keyboards. 
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The CIP/2200 is the newest, 
most powerful Cincinnati 
minicomputer to date. It is a 
microprogrammable general 
purpose minicomputer with 
an amazing list of new 
features. The CIP/2200 
performs decimal arithmetic 
just like the big computers for 
handling business data, while 
retaining all the benefits of 


this year, there's something 


a mini. In addition, the 
CIP/2200 exercises its new 
power with such features as 
RPG compiler, variable 
length operations, control 
stack facility for automatic 
state switching, bi-directional 
string moves, bit manipula- 
tion instructions, translation 
under mask and editing, plus 
a user instruction capability. 


All these advantages 

and many more are 
available right now from 
Cincinnati Milacron’s new, 
more powerful CIP/2200. 
Write or call (513) 494-5444, 
now, for complete details to: 
MINICOMPUTERS, 

Process Controls Division, 
Cincinnati Milacron 
Lebanon, Ohio 45036. 


_ really new in minicomputers 
‘Cinckwan Milacrons 


CIP/2200 


CIP/2200 is brand new. It 
performs functions that 
heretofore could be done 
only by larger computers, 
See copy above. 


minicomputers 


¢ ae “| CINCINNATI 
~| MILACRON 


Machine Tools 
Process Controls 
Chemicals 
Plastics 


Plastics Processing Machinery 


Abrasives 
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Motorola shuffle 
puts Connors atop 


semiconductor div. 


H-P to use 
distributors 
for its components 


IEEE constitution 
may be up for 
amendment again 


Japanese may buy 
American to fill 
ATC needs 
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Electronics Newsletter 


February 14, 1972 


Motorola Inc. has realigned some of its top management in a surprise move 
that one insider describes as “a broadening at the top to anticipate future 
growth.” Probably the biggest surprise is that Stephen L. Levy has been suc- 
ceeded as vice president and general manager of the Semiconductor Products 
division in Phoenix by Thomas J. Connors, who had been corporate vice presi- 
dent for marketing. Connors earlier was marketing manager for the semicon- 
ductor products division, and once worked for Texas Instruments. He had a 
consuming desire while marketing manager in Phoenix to surpass TI in semi- 
conductor sales, and will bring that hard-nosed spirit to his new post. 

Levy maintains his corporate vice presidency, and becomes head of new ven- 
tures at the corporate level, working from corporate offices in Scottsdale, Ariz. 
In the newly created spot, he’ll be responsible for “various research, business 
opportunity, and acquisition explorations,” plus special marketing units. 

The corporate-wide realignment created ripples from Phoenix to Chicago. J. 
Paul Jones, formerly vice president and general manager of the Government 
Electronics division in Scottsdale, is the new director of corporate staff, and 
has been succeeded by Ralph W. Elsner, vice president and assistant general 
manager at the division. Further, another new post—vice president and gen- 
eral manager of all corporate equipment divisions—will be filled by Homer L. 
Marrs, formerly vice president and general manager of the Communications 
division in Chicago. He’ll have responsibility for automotive, consumer, and 
communications products, plus the Goverment Electronics division. 


Hewlett-Packard is believed about to market some of its component products 
through distributors. Traditionally, the company sells through its own sales 
staff, but while this approach works well for instruments selling for hundreds 
of thousands of dollars, it has not worked quite so well for components, such as 
light-emitting diodes or microwave transistors, selling for $10 to $50. There are 
many potential customers for, say, LEDs that H-P’s sales force doesn’t reach, 
making distributors look to be a better bet. Talks are now believed to be under 
way with most of the leading distributors. 


Changing the IEEE constitution via petition of members is in the wind again. 
Victor Galindo of Virginia Polytechnic Institute, who spearheaded an unsuc- 
cessful amendment that would have turned the institute toward a career-ori- 
ented organization, says that there will probably be another attempt to revive 
his controversial proposals and put them to another vote. The last vote lost be- 
cause a constitutional amendment requires a two-thirds majority. 


In a crash program to upgrade their air traffic control system, the Japanese are 
expected to begin buying an American system—“not copy it, but buy it,” em- 
phasizes Federal Aviation Administration head John H. Shaffer. The pressure, 
he says, stems from last year’s disastrous collision between a Japanese F-86 
military jet and a 727 jetliner, an event which almost caused the government 
to fall. With no modern ATC equipment and no time to develop it, the nation 
will have to use sophisticated American hardware, Shaffer points out. 

Initial purchases probably will be small, perhaps three or four automated 
radar systems like ARTS (automated radar terminal system), but larger buys 
may be in the offing, say industry sources. A Japanese team recently inspected 
FAA ATC centers in Jacksonville, Fla., Chicago, and near Atlantic City, N.J. 
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Ubiquitous ‘10-4’ 
to go digital 


Spectroscopy sees 
NO, and SO, levels 


Pentagon to study 
weapon reliance 
on foreign parts 


Addenda 
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The team, which reportedly also talked with some companies, will study a list 
of FAA system recommendations before coming back to talk with companies 
in earnest, says the FAA. But it’s unclear whether the Japanese will negotiate 
with manufacturers directly or ask the FAA to procure the systems for them 
and perhaps get a break in price. 


Motorola is introducing a mobile communications concept allowing trans- 
mission of standard messages simply by pressing buttons. For example, a 
simple police message such as “10-4,” which acknowledges receipt of a trans- 
mission, would be sent digitally from police cars. The technique promises to do 
much to save operator time and significantly reduce traffic on the already over- 
crowded frequency spectrum. 

Other components in the system allow automatic vehicle location with no 
action required by the operator. 

Motorola’s Communications and Electronics division in Schaumberg, IIL, 
will aim its new command and control system at police, fire, and other public 
safety agencies, as well as industrial and commercial users. 


A Canadian firm, Berringer Research Ltd., Toronto, has developed what it 
calls “the first commercial system based on spectroscopy capable of ground- 
level area surveillance of nitrogen dioxide and sulfur dioxide.” Berringer’s sys- 
tem uses a modulated xenon arc as the active source. 

What’s more, the technique can be extended further into the ultraviolet 
range to monitor ozone, says A.J. Moffat, director of product engineering, re- 
search, and instrumentation. And, with suitable infrared sources and detectors, 
the Berringer method could measure the infrared absorption lines resulting 
from auto exhaust pollution, Moffat adds. 

In yet another approach to measuring NO, levels, the Aerospace Corp., El 
Segundo, Calif., has developed a laser technique that takes advantage of the 
compound’s broad absorption band [see p. 38]. 


American component manufacturers now fulfilling defense contracts with de- 
vices manufactured offshore will be the subject of a new Defense Department 
study this year. Headed by Adm. Eli T. Reich’s Office of Production and Engi- 
neering, the effort is part of a program to determine how dependent the U.S. 
has become on foreign supply sources for components of its major weapons 
systems. 

The decision to conduct the vertical analysis in-house came after funds for a 
study by the Logistics Management Institute were cut from last year’s defense 
budget. At the moment, DOD estimates that 2% of the dollar value of its weap- 
ons consists of foreign-made parts. 


NASA could issue requests for proposals as early as this summer for the $50 
million Tiros N weather satellite program—the agency’s only new start in the 
FY 1973 budget—if it decides to go directly into design and development and 
not take time with an engineering phase. Now under study, the advanced me- 
teorological satellite is scheduled for a 1976 launch... . . Computer manufac- 
turers will find a wide-open market for a national computerized stock informa- 
tion network following the Securities and Exchange Commission’s new policy 
calling for a single securities market system. The SEC’s expected rulemaking 
will spell out system performance standards but not hardware specifications. 
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Significant developments in technology and business 


New ‘fair-trade’ 
committee draws 
cheers and boos 


Japan EIA sees disguised 
protectionism as consumer 
electronics group prepares 
for first general meeting 


It’s hardly a month old, but the 
Electronic Industry Committee for 
Fair International Trade has al- 
ready attracted its first partisans in 
the consumer electronics industry 
and its first blast of criticism. But 
more important to the committee 
and its five charter members, its first 
meeting in Washington later this 
month is expected to draw some 40 
or 50 component suppliers and con- 
sumer product manufacturers. 

Word of the committee’s objec- 
tives—to level off trade barriers 
which discriminate against U.S.- 
made products overseas [Electron- 
ics, Jan. 31, p. 39]—had hardly circu- 
lated in the industry when the Elec- 
tronic Industries Association of 
Japan (EIA-J) challenged the motives 
and the statistics of the group. EIA-J 
called the U.S. committee a smoke- 
screen to hide protectionism in talk 
of fair trade. 

The energetic, 77-year-old chair- 
man of EIC, Robert D. Murphy, 
denies that the group favors protec- 
tionism. “America tried it back in 
the °30s,” the former U.S. diplomat 
counters, “and it failed. We’re going 
to avoid that cowpath this time.” 

Friends. Murphy, honorary board 
chairman of Corning International 
Corp., has numerous contacts in 
Washington and in industry that 
will help the group reach its objec- 
tives, but he admits that the job is 
going to be tough. Other charter 
members are Robert H. Platt, presi- 
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dent of Magnavox Co.; Joseph S. 
Wright, chairman of Zenith Radio 
Corp.; Amory Houghton Jr., chair- 
man of Corning Glass Works; 
George E. Ritter, president of 
Stackpole Carbon Co.; and Merle 
W. Kremer, president of GTE Syl- 
vania, Inc. 

Where does this leave America’s 
Electronic Industries Association? 
That trade group’s attitude appar- 
ently is one of quiet helpfulness for 
its potential ally—or rival. In fact, 
the EIA provided early statistical 
help for the new organization. 

Murphy feels that the need is ripe 
for his organization. Since the EIA 
was unable to agree last year on a 
“white paper” concerning foreign 
trade, in part due to dissatisfaction 
from the EIA’s Consumer Electronics 
group, the new fair-trade committee 
has been careful to provide a broad 
enough set of goals to please both 
component firms and OEMs with off- 
shore facilities. EIC even plans to get 


together with union leaders on trade 
issues and with Japanese firms on 
investing in U.S.-based plants. 

The intention is to restrict mem- 
bership to top officers as the best 
strategy for getting the ear of offi- 
cials in the State, Commerce, and 
Justice Departments, and on the 
White House staff. Approaches will 
also be made to Congress. Total 
membership of 70 to 80 companies 
is expected by Murphy. 

Eye on Japan. After the organiza- 
tional meeting, the first task for the 
committee will be to develop spe- 
cific examples of the subtle and not- 
so-subtle restrictions and roadblocks 
American manufacturers have hit in 
trying to sell consumer products 
abroad. The primary focus will be 
Japan. However, Murphy denies 
that the intention is to persuade the 
U.S. Government to throw up retal- 
iatory barriers. 

“We're in a struggle for survival, 
but you can’t expect a bureaucrat in 


Trader. Ex-diplomat Robert D. Murphy, head of the new fair-trade committee, denies his 
group is protectionist. ‘‘America tried it and failed. We're going to avoid that cowpath.”’ 
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Washington to take the initiative to 
help if the industry is mute,” says 
Murphy. “I consider our success will 
be doing what we can to eliminate 
obstacles to U.S. imports abroad. 
We don’t intend to be a self-perpet- 
uating group if we can help it.” 

Pointing to the fact that Corning’s 
television business did not grow in 
1971, despite a healthy increase in 
TV receiver sales, Murphy adds, “I 
don’t see much chance of recouping 
what’s lost to foreign competition. 
We want to hold what we have, if 
possible.” 

Though no one has raised the 
point yet, the organization of this 
group holds potential antitrust im- 
plications. But Herbert Brownell, le- 
gal counsel and a former U.S. attor- 
ney general, has assured the group 
that if it keeps the Government in- 
formed of its activities legal ques- 
tions should not arise. 


Military electronics 


Weapon woes overshadow 
Navy’s first S-3A flight 


Less than a month after the first 
flight of its S-3A Viking carrier- 
based sub hunter, the Navy finds it- 
self lodged between a rock and a 
hard place on the Lockheed Aircraft 
Corp. program. The rock is the Na- 
val Air Systems Command (Navair) 
$627.6 million request to move into 
its first big production purchase of 
42 of the planes from Lockheed in 
fiscal 1973; the hard place is the 
performance problem facing the di- 
rection-finding and ranging (Difar) 
detection system, a key antisub 
weapon in the aircraft. 

Part of Navair’s 20-piece ad- 
vanced ASW avionics package 
(known as A-NEW), the troublesome 
Difar components include the ssQ- 
53 passive sonobuoy and its associ- 
ated airborne processor, the FP-3 
version of the AQA-7, both made by 
Sanders Associates Inc., Nashua, 
N.H. Pentagon project monitors 
maintain they are satisfied with the 
on-time performance of Lockheed’s 
plane thus far, but that they are dis- 
turbed with continuing problems 
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Dicass gaining? 


Navy problems with the Sanders 
Difar sonobuoy performance and 
the comparatively high costs— 
about $450 each vs roughly 
$100 for earlier, simpler sys- 
tems—is increasing speculation 
that the service may accelerate 
its development of a series of 
buoys under its Dicass (direc- 
tional command activated sono- 
buoy systems) antisubmarine 
warfare program. Raytheon 
Corp. of Lexington, Mass., as 
well as Difar supplier Sparton 
Electronics, are leading Dicass 
contenders. The Navy reportedly 
wants to escalate its current $5 
million-a-year R&D effort. 


with the Difar package after three 
years in production and six years of 
development. Of particular concern 
is the Sanders processor, an ad- 
vanced version of the unit made by 
Magnavox Corp., Fort Wayne, Ind., 
now aboard the Viking’s land-based 
counterpart, the P-3C Orion. 

Rejections. Even though the min- 
iaturized sonobuoy is produced by 
Magnavox and Sparton Corp., Jack- 
son, Mich., as well as by Sanders, 
Navy officials contend it has been 
Sanders’ comparatively higher re- 
jection rate of sonobuoys that is de- 
laying the program. Moreover, these 
sources say, Sanders “apparently 
promised more than it could de- 
liver” with the airborne processor in 
order to win the contract for that 
part of the package. The official 
Navy position is the problems came 
“in the transition from laboratory 
production equipment to produc- 
tion line assembly” of the sonobuoy. 
Sanders buoy contract reportedly 
has been reduced because 1971 pro- 
duction of about 15,000 buoys 
yielded only about 1,800 that passed 
Navy tests. Sanders officials refused 
to comment. 

As for the Sanders FP-3 processor, 
the Navy now says “the original 
goal of 300 hours mean-time-be- 
tween-failures was not realistic in 
view of the state of the art of micro- 
circuitry at the time of Difar devel- 
opment” in 1966-68. “At present, 
the average reliability experienced 


is approaching 100 hours MTBF.” 

This permits the P-3C, with two 
processors, “a 98% probability of 
completing a 10-hour mission with- 
out a critical Difar system failure”— 
although partial failures are not 
ruled out. However, the Navair 
S-3A project office says the Viking’s 
single processor has shown a 95% 
probability of completing a six-hour 
mission without critical failure ac- 
cording to laboratory tests. Total 
system tests against real submerged 
targets will not come until late this 
year on the third plane scheduled 
for July delivery with full avionics. 

Red ink? Of the aircraft’s eco- 
nomics, the S-3A project manager, 
Navair’s Capt. Fred Baughman, 
confirms that Lockheed’s chances of 
profitability on the fixed-price con- 
tract for the first 55 production 
models are very slim “unless the 
economy cools off substantially” 
over the next two years. 

This worries the Navy, which 
plans to push ahead with its require- 
ment for 136 more planes in 1975 
and 1976 to fully equip the fleet, 
since it raises the specter that the 
S-3A price could jump in years 
ahead when a new production con- 
tract must be negotiated for the rest. 

The Navy’s new budget request 
specifies 42 planes at $581.1 million 
plus $46.5 million more for initial 
spares, or just under $15 million per 
plane. The total is up sharply from 
this year’s $346.6 million plus $26 
million for spares for a limited first 
production purchase of 13 planes. 


Computers 


The NCR-CDC deal: 
adding up strengths 


“At least the Control Data-National 
Cash Register agreement is differ- 
ent,” remarks one marketing man 
about his rival computer manufac- 
turers. “GE sold its computer oper- 
ation, and RCA simply closed the 
doors. NCR and CDc, on the other 
hand, seem to be planning to stay in 
the business.” 

That’s exactly what they plan. 
The deal between the two to cooper- 
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ate on a broad program to “expand 
each company’s future role” in the 
general-purpose computer industry 
is intended to capitalize on their re- 
spective strengths while minimizing 
their weaknesses. And although 
most industry observers are unsure 
about the short-term effect of the 
new working arrangement (see box 
on p. 36), there is little doubt that 
both companies will increase their 
strength in the marketplace. 

The two chief executives in- 
volved, William C. Norris, chairman 
and president of CDc, and R. Stan- 
ley Laing, president of NCR, point 
out that the broad and compatible 
product line that they plan is a 
prime requirement for success in the 
general-purpose field. In addition, 
the two companies expect to be able 
to reduce costs of computer and pe- 
ripheral development and engineer- 
ing, as well as software. 

In analyzing the agreement, many 
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observers foresee immediate advan- 
tages for CDC, which is generally be- 
lieved to be the technological brains 
of the new association. CDC, which 
had been supplying NCR all of its 
tape and some of its card equip- 
ment, will pick up more of NCR’s 
OEM peripheral business. It will also 
get NCR’s printers—for which it had 
been an important customer—on 
more favorable terms. 

At the same time, CDC, whose 
success has been largely in large- 
scale scientific and communications 
systems, seems to be admitting its 
inability to compete favorably in the 
business-data processing world. As- 
sociation with NCR—conceded to 
have the marketing savvy in this 
area—should prove valuable. 

As to which company instigated 
the agreement talks, both maintain 
that negotiations “gradually came 
about” as a result of the long associ- 
ation the two companies enjoyed in 
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Laing: Were NCR resources too thin? 


the peripheral equipment business. 
However, the consensus in the in- 
dustry is that NCR may have been 
the more anxious. 

The cost of developing both pe- 
ripherals and mainframes may have 
pressed NCR too heavily. Some ob- 
servers believe NCR is not doing as 
well as expected in the retailing 
field, where its cash registers had for 
so many years produced a major 
part of its income. 

Now, as the new generation of 
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The total index rose 0.8% in December, 
the fourth straight monthly increase. 
However, the figure still was 4.4% below 
the December 1970 result. 

By far the largest increase during the 
last month of 1971 was in consumer 
electronics, which soared to almost 9% 
over its November level and 7% better 
than its year-ago total. Industrial-com- 
mercial electronics rose 0.8%, still off 3% 
on the year, while defense electronics 
was the only loser—off 1.3% from No- 
vember, and down 8.8% from December 
1970. 


Indexes chart pace of production volume for total in- 
dustry and each segment. The base period. equal to 
100, is the average of 1965 monthly output for each of 
the three parts of the industry. Index numbers are ex- 
pressed as a percentage of the base period. Data is 
seasonally adjusted g 

* Revised 
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point-of-sale terminals is being in- 
troduced, NCR seems to be slipping. 
Companies new to the retailing 
field—such as Pitney-Bowes Alpex, 
Friden division of Singer Co., 
Transaction Systems Inc., and 
American Regitel—are attracting 
the attention of retailers and forcing 
NCR to relinquish its grip on what 
generally has been estimated to be 
more than 70% of the market. 

Shrinking share? Richard P. Shaf- 
fer, a systems consultant to the retail 
industry and vice president of Gam- 
bit Management Strategies, Inc., of 
New York puts it this way: “By go- 
ing into computers, in which it has 
not been too successful, NCR spread 
its resources too thin. I wouldn’t be 
surprised if, when everything is fi- 
nally shaken out, NCR drops to only 
a 50% share of the [point-of-sale] 
market, or less.” 

Shaffer may in fact be voicing 
NCR’s concern for continuing strong 
in its long-time retail and banking 
industry markets. For in a statement 
at the time the agreement was an- 
nounced, NCR’s Laing stated that 
his company would now be able to 
“devote additional corporate re- 
sources to the development of ad- 
vanced systems for its major mar- 
kets.” 


Norris: CDC provides technological brains. 


NCR-CDC get-together 


With some details still to be worked out, here’s what Control Data Corp., 
and National Cash Register Co. have agreed in principle to do: 

m Establish a jointly owned company with net assets of roughly $50 million. 
It would engineer and manufacture most of the peripherals used by the two. 
This includes mainly punched-card and magnetic-tape equipment, and 
high-speed printers, which will be supplied only to the parent companies. 

w Strive for a high degree of compatibility in future mainframes through use 
of ‘‘similar architectural concepts and related software.’’ NCR will develop 
a ‘‘swing’’ processor to bridge the two lines and will continue to make its 
small and medium computers. CDC will continue to turn out its more pow- 


erful machines. 


m Purchase by CDC of NCR’s disk file line, which has had mixed commer- 
cial success, as well as the disk file plant in Hawthorne, Calif. NCR, in turn, 
will supply low-speed serial printers for CDC. 

NCR had gross sales last year of $1.4 billion. CDC, which says its 1971 
totals are not yet ready, had a 1970 gross of $539.5 million from computers 
and $512.2 million from its Commercial Credit Corp. subsidiary. 


Lasers 


NASA experiment aims at 
earthquake prediction 


Lasers, which have become com- 
mon tools for precise underground 
tunneling, will now focus their 
beams on another earthly concern— 
earthquakes. NASA will begin re- 
flecting laser transmissions from 
passing satellites this summer for 
triangulation measurements to help 
scientists unravel the mysteries of 
the worldwide phenomenon. While 
scientists know why earthquakes 
happen, they don’t know when— 
even in areas like California, where 
tremors are relatively frequent. 

Drifting. Essentially, earthquakes 
are caused by the continual drift of 
large parts of the earth’s surface, 
called plates, explains David E. 
Smith, physicist with NASA’s God- 
dard Space Flight Center. The drift 
causes tremendous pressure beneath 
the earth’s surface; when the force 
becomes too great, the earth erupts 
along a fault, which is the fissure be- 
tween two plates. California’s San 
Andreas Fault, for example, divides 
the easterly American plate, which 
is moving south, and the westerly 
Pacific plate, which is moving north. 
They move an estimated 3 to 6 cen- 
timeters a year. 

If the drift of the American and 


Pacific plates can be measured accu- 
rately, says Smith, then scientists, by 
computing the two masses involved, 
can determine the energy stored in 
the fault system and predict the next 
quake. 

The key to such measurement is 
that each quake displaces the 
amount of energy stored up since 
the last one, Smith says. 

NASA, in collaboration with the 
U.S. Geological Survey, Columbia 
University, and the National Oce- 
anic & Atmospheric Administration, 
believes the San Andreas Fault Ex- 
periment (SAFE) is just the right sys- 
tem to measure the drift. Scientists 
will bounce beams from two 
Q-switched ruby lasers (each with 
a l-joule output and 20-to-40-sec- 
ond pulse width) off passing satel- 
lites to form a long-sided, highly ac- 
curate triangulation measuring 
system. 

One laser will be placed in north- 
ern California, near Quincy, on the 
American plate. The other will be 
800 kilometers away in the southern 
part of the state, near Los Angeles, 
on the Pacific plate. The two auto- 
mated tracking stations will be lo- 
cated away from the fault zone it- 
self. 

Four orbiting satellites are now 
equipped with laser reflectors that 
the experimenters can use, Smith 
says. A two-month experiment this 
summer will check out the system. 
Measuring begins in earnest in the 
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to more calculator power! 


Today, there are only two programmable calculators with mathematical keyboards. Both 
are TEKTRONIX Calculators. 


Our keyboard is uniquely different from keyboards of other programmable calculators. 
With it you solve even the most complex expressions in a universal language you know 
and use daily — mathematics. For instance, to solve the expression: 


2 


< [2 [x | 3 Recall [+ Pes 18.42353957. 


Whatever your discipline, you solve any expression involving as many as 256 programmable 
keystrokes (5120 with the optional programmer) using the same natural, direct mathematical 
procedure. You never spend valuable time learning and using an artificial machine language. 


; * (x —"1) 
in( 2 x) = s xX V3? + 4° for x = 2. just press the following keys: 


- 


Some day all calculators will have mathematical keyboards. User preference demands it. 


For complete information or to arrange a demonstration, contact any TEKTRONIX Field 
Office. Our offices are located in or near major cities and industrial centers—worldwide. 
If you prefer, write Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005. 


TEKT R oO Ni IDS Scientist) 909 Calculator .3..6 c6% 066% 0s.0 0c ee bain we oe $3200 
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Finding fault. NASA will use laser system to measure shift in San Andreas Fault. 
Transmissions from Quincy, Point Mugu, Guaymas will be bounced off satellites. 


summer of 1973; the project is to 
last three to 10 years. 

By then, system accuracy will 
have improved from a deviation of 
20 to 40 cm to about 10, estimates 
Thomas S. Johnson, a physicist in 
the Optical Systems branch at God- 
dard, meaning a measuring accu- 
racy of about half that, independent 
of distance. NASA is working on the 
two improvements needed to get ac- 
curacy deviations of 10 cm or less, 
says Johnson—reducing the laser’s 
transmitted pulse width and im- 
proving the receiving signal process- 
ing. “You measure not distance, but 
time, like any radar system,” he ex- 
plains. 

Wobbles. NASA proved the accu- 
racy of the laser-satellite system 
with an earlier experiment between 
the Goddard center, in Maryland, 
and a mobile station 408 kilometers 
away in the Seneca Lake region in 
upstate New York, Smith says. That 
experiment was to measure the mo- 
tion of the earth’s poles (the earth 
wobbles on its axis), but the same 
principles apply to earthquake mea- 
surements, he says. 

For the future, NASA is thinking 
about expanding the SAFE project 
by adding a station in Mexico to 
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give a 1,200-kilometer baseline, 
Smith says, and measure the rest of 
the fault. 

The polar motion studies may 
prove of further value in the SAFE 
project because some scientists spec- 
ulate that the earth’s poles might tilt 
just before an earthquake, Smith 
says. If SAFE can measure that, too, 
then people might have warning 
just before an earthquake. 


Laser technique measures 
nitrogen dioxide in smog 


The road to clean air is bumpier 
than researchers had thought it was. 
For example, as hydrocarbon emis- 
sion from auto exhausts decreases, 
nitrogen dioxide is becoming a 
serious problem. The reason is that, 
not only are oxides of nitrogen mak- 
ing up an increasing percentage of 
the pollution, but techniques that 
reduce hydrocarbon in car engines 
increase oxides of nitrogen. 

To fill the need for a quick, accu- 
rate NO» sensor—the present Saltz- 
man wet chemical test is relatively 
slow and insensitive—the Aerospace 
Corp., El Segundo, Calif., has devel- 


oped a technique that takes advan- 
tage of a unique property of the 
compound that simplifies detection. 

Unlike other pollutants, NO2 has 
a broad absorption band and fluo- 
resces when excited by any visible 
laser light. In fact, light sources 
other than lasers could be used, but 
more optical filtering would be re- 
quired. Other pollutants having 
sharp resonances (spectral lines) re- 
quire tunable lasers. 

Sloppy spectrum. “As far as I 
know,” says Milton Birnbaum, head 
of the quantum optics department 
at the Electronic Research Labora- 
tory of Aerospace, ““NOz is the only 
pollutant molecule with this sloppy 
spectrum.” In experiments, Birn- 
baum has excited air samples con- 
taining NO» with a helium-cad- 
mium laser at 4,416 angstroms and 
an argon-ion laser at 4,880 A. A 
conventional photomultiplier mea- 
sures fluorescence in the 6,300-to- 
8,000-angstrom range by counting 
the number of light quanta gener- 
ated in a preset period. The strength 
of the laser beam is also monitored, 
since it affects the light output. 

Extensive tests have determined 
that normal constituents of the at- 
mosphere do not absorb visible light 
and fluoresce like NOz. However, 
particulate matter is filtered out. 

Birnbaum has compared the mea- 
surements he makes with those of 
the County Air Pollution Control 
District, which has a sampling site 
about a mile away that uses a modi- 
fied Saltzman test. He’s observed 
good tracking of levels, though the 
actual figures still require calibra- 
tion. Whereas the district makes its 
tests every hour, the laser measure- 
ments are in real time so that 
Birnbaum can detect many rapid 
variations. The laser electronic tech- 
nique is also much more sensitive, 
detecting parts per billion, while 
chemical methods are unreliable be- 
low a few parts per 100 million. 

A major advantage of the laser 
technique, Birnbaum says, is that it 
should be readily adaptable to re- 
mote control, since it is wholly elec- 
tronic. The apparatus is conceivably 
low in cost if made in the reason- 
ably large quantities that would ap- 
pear desirable for air monitoring in 
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Bell & Howell & 
The Do It Itself Transmitter 


“Hey, | think | know a way for us to get into a new market.” This from one of our new guys. 

“How?” we ask. 

“Make a transmitter that'll work all by itself. Without adjustments and stuff.” 

“We've never made transmitters.” 

“But you've been building transducers for over twenty years. 

And if you can transduce, you can transmit.” 

“All right, but why?” 

“Well, there's at least one industry out there with a crying need for help 

in automated flow and level control.” 

“For what?” 

“Voltage and current pressure transmitters.” 

“Okay, so where do we start?” 

“Well, first off, they ought to be small, easy to carry around and a snap to install.” 

“That's easy.” 

“Great. Then it should have useful outputs.” 

“Okay. 4-20 mA, two wire, 0-5 VDC and 1-5 VDC." 

“Then can we make sure we do something about exposed threads and O-rings?” 

“Sure. Get rid of them. Figure on an all welded construction.” 

“How about electrolysis?” 

“No problem. Use stainless steel. Won't break down in most corrosive atmospheres.” 

“Reliability?” 

“A two year warranty.” 

“Ease of adjustment?” 

“Why adjust? We'll calibrate at the factory. But for special requirements, we'll supply 

adjustment capability optional.” 

“What about shock and vibration problems?” 

“No moving parts.” 

“Wow. Let's see. Very reliable. Accurate. Two year warranty. 
Practically zero maintenance. That'll save an awful lot of bucks. 
| think we’ve got something.” 

We did, too. 

We christened them the 4-400 series pressure 

transmitters (4-454 differential, 4-403 static). And to make 
things even sweeter, they're priced competitively with anything 
you can buy now. And they’re backed by a factory direct sales 
and service organization that can get anywhere in the States 
within twenty-four hours. 

Or the world in forty-eight. 

For the whole package, just write Bell & Howell Instruments 
Division, 360 Sierra Madre Villa, Pasadena, California 91109. 


EC/INSTRUMENTS Division 


(@ Bette Howe 


© Copyright 1972 Bell & Howell 
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Augat says you ca ord to bury your circuit in a block of cement. 


Ever try making production or in-field component It’s the most important and competitive new packaging 
changes in a printed circuit board? concept in years. You can have low cost interconnec- 

Good luck. tions, high reliability, space saving density . . . all with 

Easier to scrap your board and start again. New artwork. __ the flexibility to allow in-production or in-field changes 
New etching. New components. in minutes. 


Now you see why there’s a revolution 
going on to replace printed circuits with 
flexible, plug-in, wire-wrapped packaging. 
And Augat’s high density dual-in-line 
panels are leading the way. 

The Augat panel is your best guarantee 
of getting your product on the market fast. 
Because with Augat you can quickly 
change your circuits at any time —during 
breadboarding, prototype or production. 


Current sales of thousands of panels a 
week are proof that the Augat approach is 
already in orbit. We'll be glad to tell you 
more. Call us today at (617) 222-2202. 

Or write for literature showing our com- 
plete product line in panels and accessory 
equipment. Augat Inc., 30 Perry Avenue, 
Attleboro, Massachusetts 02703. Our 
representation and distribution is nation- 
wide and international. 


Plug into Augat’ instead. 
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All plug-in panels 
are not the same. 

It’s one thing to want 
plug-in flexibility in your 
circuit. It’s another to get 
flexibility plus all the other 
things you'd like in a 
dependable point-to-point 
system. 

Like easier IC insertion. 
Precision-machined con- 
tacts. Tighter contact reten- 
tion. Greater reliability 
(we’ll prove it). Unique 
tapered entry sockets (patent 
pending). Lower profile. Plus 
the versatility to accept 14, 
16, 18, 24, 28, 36 or 40 pin 
IC’s inachoice of panel sizes. 

And we offer virtually any 
panel you'll need, in any 
number of patterns, plane- 
mounted or edge-connected, 
off the shelf or custom. 

We'll also give you single- 
source supply for sockets, 
enclosures and accessories — 
even automatic wire wrap- 
ping whenever you need it. 

The Augat way? It’s a 
better way. Call us at 
(617) 222-2202. Or write for 
our catalog. Augat Inc., 

30 Perry Ave., Attleboro, 
Mass. 02703. Our represen- 
tation and distribution is 
nationwide and 
international. 


Plug into Augat’ instead. 


Circle 41 on reader service card 
Electronics/February 14, 1972 


Electronics Review 


the future. While the not-for-profit 
Aerospace doesn’t expect to sell its 
technique, others could find poten- 
tial customers in government and 
industry. 


Solid State 


Westinghouse speeds 
high-power devices 


A new manufacturing system that 
guarantees delivery of high-power 
semiconductor products in as little 
as 54 hours has been put in oper- 
ation by the Westinghouse Electric 
Corp. Semiconductor division, 
Youngwood, Pa. In contrast, deliv- 
ery times now typical in the industry 
range from four to six weeks, ac- 
cording to the company. 

A “world bank” at Youngwood 
stores fully tested and passivated 
thyristor and rectifier elements, ac- 
cording to customer and appli- 
cation, awaiting assembly. The bank 
is a single central source of pro- 
cessed semiconductor elements for 
Westinghouse assembly plants in 
Guarabo, Puerto Rico, and Le- 
Mans, France. 

The company’s “bank” eliminates 
the usual cost of storing the rather 
expensive devices, points out Paul 
E. Lego, the division general man- 
ager. The user need only enter an 
agreement describing the type and 
quantity of high-power devices—in- 
cluding custom-designed units—he 
will use and the rate at which they 
will be needed. Space and inventory 
in the bank are thereby reserved. 

Inventory cut. “Until now, users 
of high-power semiconductors have 
had to maintain inventories that 
must cover between four and eight 
weeks of their production,’ Lego 
says. “With the new system, custom- 
ers need only maintain inventories 
covering 10 days or less.” 

A key to the process is West- 
inghouse’s ability to passivate and 
protect the silicon elements, using 
silicon nitride and other proprietary 
materials. Apparently the company 
is able to passivate and store “inde- 
finitely without deterioration” a 
broader range of processed semi- 


conductor elements than has been 
possible in the past. 

Another feature that assures fast 
delivery is a highly efficient assem- 
bly line that does not need the usual 
clean-room atmosphere. Instead of 
the common practice of carrying 
semiconductors around in batches 
to different work stations, they are 
fabricated on a continuous, paced 
conveyor line, similar to those in the 
automobile industry. Yields ap- 
proach 99%, the company says. 

This line assembles and fully tests 
more than 1,500 types of devices 
rated between 35 and 2,000 amperes 
and 50 and 3,000 volts. Compres- 
sion bonding encapsulation is used 
for attaching leads and fastening in- 
dividual semiconductor elements 
within metal housing. 

This technique, patented by 


Line up. Westinghouse’s high-power semi- 
conductor assembly line helps it promise 54- 
hour delivery of the devices. 
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even under the 
worst conditions 


GOLD LINE 


SOLID STATE RELAYS 


SOLID STATE 
ZERO CROSSING 
RELAY 


SUPERIOR FEATURES available 
nowhere else: Noise immunity. 
Extremely high inrush capability. 
Input-output isolation. Fully encap- 
sulated. All solid state. No moving 
parts for maintenance-free operation. 


e ZERO CROSSING TYPES FOR 
CONTAMINATED, EXPLOSIVE 
OR CRITICAL APPLICATIONS 

8 amp. standard duty. 15 and 

30 amp. heavy duty in single, 

2 and 3-pole styles. Minia- 

ture style—2, 3 and 4 amp. | 


e PROPORTIONAL CONTROLLER 
RELAY TYPES 


e VARIATIONS TO ORDER 


Write or phone for 
pricing and technical 
information. 


Jewell 


JEWELL ELECTRICAL INSTRUMENTS, INC. 
Grenier Field, Manchester, NH 03105 ~ 
Phone: (603) 669-6400 


hee 
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Westinghouse, relies on spring- 
loaded contacts pressing on the sur- 
face of the semiconductor element. 
The method avoids the main draw- 
back of soldering contacts to the ele- 
ment—heat, which is likely to dis- 
turb delicate elements. 


Communications 


On-line protection scheme 
ends switchover data loss 


A technique developed at Farinon 
Electric Corp., in San Carlos, Calif., 
could be the answer to data loss 
problems caused by switchover in 
two-transmitter radios. 

Since the Federal Communi- 
cations Commission declared last 
year that frequency diversity—using 
a pair of transmitters and receivers 
operating on different frequencies to 
transmit the same information— 
could no longer be used to protect 
against loss of communications, 
various techniques have been em- 
ployed. Most consist of two trans- 
mitters—one of which is on 
standby—operating on the same fre- 
quency, with a switch to disconnect 
a transmitter should it fail and con- 
nect the other to the antenna. But 
while this method works well for 
voice communications, it wreaks 
havoc with digital data. 

Not only is data lost during the 
switchover, but if the two trans- 
mitters are not on exactly the same 
frequency, transients also can cause 
data loss and errors. Attempts have 
been made at injection-locking the 
oscillators of two transmitters and 
then combining the outputs, but this 
tends to cause distortion when the 
signal is modulated. However, Fari- 
non has combined outputs of two 
transmitters, and eliminated data 
loss in most failures. 

Right on. According to Mark W. 
Wilkens, design engineer at Fari- 
non, the so-called on-line protection 
scheme employs a phase-locked 
loop and an output phase detector 
to assure that the two transmitters 
are exactly on the same frequency. 
Both transmitters are modulated by 
a common baseband input. Their 


output signals are compared by the 
phase detector—a 3-decibel hybrid 
coupler and two diodes—that con- 
trols the frequency on one trans- 
mitter through its automatic-fre- 
quency-control input. The in-phase 
carriers are combined in another hy- 
brid circuit, and thus the combined 
output from the 5-watt, 2-gigahertz 
transmitters is about 10 watts. 

Wilkens says that the output cou- 
pler has two parts. The output port 
has the sum of the two transmitter 
signals; the other port has a differ- 
ence signal. If the two transmitters 
are locked, the difference signal is 
zero. But, if for some reason the 
transmitters get out of lock, the dif- 
ference signal that is produced is de- 
tected by the diode. This, in turn, 
will shut down one transmitter. Sev- 
eral other conditions can cause one 
transmitter to be shut down. 

One possible drawback: when 
one transmitter is shut, the power of 
the remaining one is split between 
the two ports in the detector so that 
only half the remaining power is 
sent to the antenna. But, Wilkens 
points out, this will cause only a 6- 
dB drop in signal-to-noise ratio. 


FCC shops for experts 
to resume Bell probe 


Where do you find 20 communi- 
cations heavyweights—plus support 
staff—competent to investigate the 
operations of the American Tele- 
phone & Telegraph Co.? That’s the 
question facing the Federal Com- 
munications Commission’s Com- 
mon Carrier Bureau, now that the 
commission has reinstated its in- 
vestigation of AT&T. 

In the month that followed its 
pre-Christmas dismissal of the 
probe for lack of funds and staff 
[Electronics, Jan. 3, p. 44], the com- 
mission was deluged by protests 
from Bell customers ranging from 
the Defense Department to Ralph 
Nader. By January’s end, the com- 
mission had acted with uncharacte- 
ristic speed, and reversed itself by a 
6-to-0 vote. 

The outcry did produce some $1.2 
million of the $1.8 million in FCC 
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Take the risk out of buying 
a Logic-Circuit Tester 


Buying a tester can be risky. You 
know it all depends on the supplier, 
but who can you trust? Your own 
staff, for one, of course. They know 
what you need and may find the 
time to design and build your sys- 
tem. So why not them? 

Because General Radio has al- 
ready done it for you — solved the 
design and programming problems 
that your staff has yet to face. In 
three years, GR has sold twice as 
many logic-circuit testers as our 
three closest competitors. Our de- 
signs and test programs are proven 
in 100 years of field operating 
time, yet you'll pay only a small 


fraction of their cost. And, GR 
assumes full system responsibility. 
Honestly, now, can you do the job 
for $20,000? We can. 


Special Needs? 

Our modular subsystems and 
programs are easy to add later as 
you need them. Let present needs 
dictate initial specs and cost with 
the assurance that later expansion 
will be both possible and eco- 
nomical. 


So, who can you count on for a 
logic-circuit analyzer at least as 
good as you could make yourself? 
GR, of course. 


Try Us 

Our 1790, 1792, or 1793 can do 
your job. Outline your require- 
ments or ask for a demonstration 
from the GR office nearest you or 
from GR in Concord, Mass. In 
Europe, write Postfach, CH 8034, 
Zurich, Switzerland. 


@ General Radio 


NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 itp Sepe hs BOSTON 617 646- 


CHICAGO 312 992-0800 * WASHINGTON, D.C. 301 
T 


0550 
11-5333 « LOS ANGELES 714 540-9830 


ORONTO 416 252-3395 © * ZURICH (01) 55 24 20 
GRASON-STADLER 617 369-3787 » TIME/DATA 415 327-8322 
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SCIENCE’SCOPE 


The U.S. Army's M-60Al main battle tank will have a new fire-control system built 


around a ruby laser rangefinder and a solid-state ballistic computer, both devel- 
oped by Hughes. It will enable the crew to fire its first round more quickly and 
will greatly increase the probability of scoring a first round hit. The laser 
rangefinder will utilize hardware assemblies developed earlier for the Army's 
M60A1E2 tank and M551 Sheridan armored reconnaissance airborne assault vehicle. 


A_ long-life solar cell power supply system for orbiting satellites, now being de- 
veloped for the U.S. Air Force by Hughes, will be capable of operating at alti- 


tudes between 200 and 22,300 nautical miles, or higher, for at least seven years. 
It will incorporate technology which Hughes developed for USAF's FRUSA (Flexible 

Rolled-Up Solar Array) program, a system of extendible solar cell panels unfurled 
like windowshades in space to convert the sun's energy into electrical power. 


The first of five U.S. Navy F-14A Tomcat air superiority fighters has been flown 
to the Pacific Missile Range, Pt. Mugu, Calif. for installation of the AWG-9 wea- 


pon-control system and testing of the Phoenix missile, both developed by Hughes. 
When the twin-engine F-14A becomes operational it will be the Navy's most sophisti- 
cated fighter for both offensive and defensive missions. It will carry a 20mm can- 
non and various combinations of Phoenix, Sidewinder, Sparrow, and Agile missiles. 


Two new series of lightweight digital computers have been developed by Hughes for 


central avionics, ECM, missile guidance, RPV, and other military applications. The 
HCM-230, latest of a line of Hughes airborne computers spanning 20 years, is a 24- 
bit, 92-instruction, truly modular computer with a throughput of 400,000 operations 
per second. The Mini-HDP is a low-cost minimal unit. Though very small (20 cu. in. 
including 8K of memory), it is a 19-instruction, 16-bit-word-length LSI computer of 
about 600,000 operations per second. 


Hughes needs electro-optical system analysts to work on surveillance and precision 


tracking systems. Requirements: MS or PhD in Physics or EE and 3-8 years experi- 
ence with E-O sensor systems, infrared physics, and computer techniques for anal- 
ysis. Also mechanical engineers for conceptual design of complex E-O systems, 
Requirements: BS or MS in EE or Physics, 5-10 years experience. Please send your 
resume to: Mr. Robert A. Martin, Hughes Aerospace Engineering Divisions, 11940 
W. Jefferson Blvd., Culver City, CA 90230. An equal opportunity M/F employer. 


Digital display systems for the U.S. Navy's future fleet of 30 Spruance-class des- 


troyers are now in production at Hughes under a subcontract from Litton Industries. 
They will be part of the Naval Tactical Data Systems (NIDS) which provide instan- 
taneous presentation of the action within tactical combat zones. Within seconds, 
NTDS can evaluate a potential threat, assign and control countering weapons, and 
perform other command functions. The Spruance class will be the backbone of the 
Navy's destroyer forces in the mid-1970s and beyond. 


Creating a new world with electronics 


| HUGHES 
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HUGHES AIRCRAFT COMPANY 
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funds frozen last year by the White 
House in its push for Federal econo- 
mies. But commission officials see 
that as only part of the solution. For 
now the bureau must locate staff 
with specialties ranging from eco- 
nomics and law to engineering. 
And, adds bureau chief Bernard 
Strassburg, the problem is com- 
pounded by the loss of some senior 
specialists during the past year. 

Consequences. For the electronics 
industries—and particularly commu- 
nications equipment suppliers, who 
hope an investigation will open the 
Bell System to competition—all the 
preparatory work means it probably 
will be another year before hearings 
can take place. The decision-making 
process that follows could conceiy- 
ably add a second year. 

Indeed, the Common Carrier Bu- 
reau’s three-man trial staff for the 
inquiry, headed by deputy chief 
Asher Ende, has cautioned that if 
implementation of the proceedings 
be stalled further, the staff will 
again request that they be dis- 
missed. However, that appears unli- 
kely in view of Congressional inter- 
est in the probe and the White 
House release of funds that led to 
the commissioners’ reversal. To aug- 
ment their efforts, Strassburg and 
Ende will get two extra options: The 
opportunity to contract for outside 
studies, if necessary, and freedom to 
add personnel, regardless of the 
usual Federal staffing guidelines on 
“staff averaging.” 

“As immediate steps,” said the 
commission after its decision, “we 
are reallocating staff and re- 
programing 1972 funds intended for 
other contractual studies.” 


Instrumentation 


H-P moves to standardize 
programable test gear 


Automatic testing systems are won- 
derful—once you get them to work. 
Unfortunately, there are no stan- 
dards for programable test equip- 
ment, so that the task of interfacing 
such gear is a designer’s nightmare. 
In an attempt to overcome this 
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problem, Hewlett-Packard Co. is 
mounting a corporation-wide effort 
to standardize the connectors, the 
cables, timing, voltage levels, and 
codes on all of its future systems-ori- 
ented programable instruments. H-P 
hopes that other manufacturers will 
adopt the same ASCII-bus approach 
as an industry standard. 

The new approach, which is in- 
corporated in H-P’s new Model 
3330A/B automatic frequency syn- 
thesizer, uses a bit-parallel, charac- 
ter-serial format for programing test 
instruments. A small, low-cost, bit- 
serial to bit-parallel converter is 
therefore needed to make the new 
system compatible with standard 
teleprinters, but this is still a much 
simpler approach than the elabo- 
rate, expensive interfacing gear that 
is now required. 

Simpler. As Larry Holmberg, 
product manager on the 3330A/B, 
explains, the new approach will al- 
low a simple card reader or tele- 
printer to control an automatic test 
system. Now, a computer is needed 
to handle just the interfacing prob- 
lem. With the new system, he says, 
the computer will be able to dedi- 
cate itself to more important tasks, 
such as the statistical analysis of the 
data that is being gathered. 

An important feature of the ap- 
proach is its ability to control a large 
number of different programable in- 
struments connected in parallel on a 
single ASCII bus because the instru- 
ments will not accept any instruc- 
tions until they have been individ- 
ually addressed by the controller. 
Each instrument’s address is set at 
the factory, but the user can change 
it easily by moving a series of slide 
switches. 

So far, the Model 3320A/B and 
3330A/B synthesizers and the 
Model 9820 algebraic calculator are 
compatible with the ASCII bus. And 
Holmberg says that several instru- 
ments now in development are also 
being modified to conform. 

The 3330B is a 0.1-hertz-to-13- 
megahertz synthesizer that features 
digital sweeping of the output fre- 
quency (synthesizer accuracy at ev- 
ery step in the sweep), digital sweep- 
ing of the output amplitude, 0.01- 
decibel amplitude resolution, and 


Hughes is 
in industrial 
electronics, too: 
components, 
equipment 
and systems. 
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Microwave diodes (RS 234) 


Microwave TWTs, TWTAs and solid 
state products (RS 236) 


Direct view and scan converter storage 


tubes (RS 237) 


‘ 


Wire terminating and harness laying © 
systems (RS 238) | 
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Multiplex systems for remote 
communications/control (RS 239) 


For complete information, write Bldg. 100, 
Mail Station C-512, Culver City, CA 90230. 
Or request by Reader Service (RS) numbers. 
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Develico 


superconducting 


instruments 


a first of akind company and 
four first of a kind products 


FIRST IN SUPERCONDUCTING PRODUCTS AND SYSTEMS for 
use in measurements, testing, calibration, and investigations in a 
multitude of ElectroMAGNETIC areas. Develco’s achievements in 
products and systems during the past 18 months include: 


First thin film superconducting magnetometer 
First and largest superconducting magnetic shield 
First superconducting magnetic test system 

with internal superconducting magnetometer 
First superconducting gradiometer 


SUPERCONDUCTING MAGNETOMETER 
uses a thin film sensor to detect changes in 
magnetic fields of 1x10°9 gauss. Can be 
used as a general purpose, extremely sen- 
sitive magnetometer, picovoltmeter, nano- 
ammeter, or as a low impedance bridge 
for resistance or inductance measurements. 
Insensitive to shock, vibration, or electrical 
discharges. Frequency response 0-200 Hz; 
Dynamic Range 10°3 to 10 °° gauss. 


Circle 216 reader service card 


SUPERCONDUCTING MAGNETIC SHIELDS 


use unique approach to magnetic shielding 
to provide ultra-stable test environment with 
room temperature access and shielding 
factors exceeding 105. Designed for use in 
testing magnetometers in low noise envi- 
ronments in the plant, laboratory or opera- 
tional locations. Remanent magnetic field 
of a typical shield — less than 1.5x10 5 Oe. 
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SUPERCONDUCTING MAGNETIC TEST 
SYSTEMS are passive, simple and eco- 
nomic systems designed for ultrasensitive 
measurements of low level magnetic sig- 
nals. Rugged superconducting shield con- 
tains one-, two-, or three-axis supercon- 
ducting magnetometers for very rapid and 
accurate measurements of magnetic sen- 
sors, solid state samples, magnets, elec- 
trical components, biological samples, etc. 
Digital display of measured values with 
digital and analog outputs. Test regions 
available in 2% to 9 inch diameters. 
Dynamic ranges of 5x10°3 to 5x10°® emu. 
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SUPERCONDUCTING GRADIOMETERS, which use superconducting flux 
transfer circuits and thin film superconducting magnetometers, provide the 
capability to make extremely sensitive magnetic field gradient measurements 
(x 10711 gauss/cm noise levels) with short baselines (%30 cm). Multi-axis 
gradiometers can also be used for magnetic surveys, signal studies, magneto- 
cardiograms, etc. in unshielded environments. 
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DEVELCO, INC. 
Superconducting Instrument Division 


530 Logue Avenue, Mountain View, California 94040 + (415) 969-1600 
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0.1-Hz frequency resolution all the 
way up to 13 MHz. The 3330A does 
not have the output leveling or con- 
trol features. 


For the record 


Handling BUEC. Initial tests of the 
BUEC (back-up emergency commu- 
nications) portion of the FAA’s Na- 
tional Airspace System indicate that 
alternate transmitter sites will pro- 
vide adequate aircraft coverage if a 
primary site goes off the air. The 
tests were made at the Oakland, 
Calif., traffic control center. 

Robert Crookshank, installation 
engineer on the project, says, “We 
are periodically using BUEC to work 
aircraft to see if we have any holes 
and to check priorities.” 

In the system, up to 10 priorities 
are set up for any given sector; if 
communication between the air 
traffic controller and the aircraft is 
broken, BUEC automatically selects 
the next best transmitter site and 
patches the conversation through to 
it, via radio or landline. If that chan- 
nel is either out or busy, BUEC will 
go to choices of lower priority. 


Optical wiring. The Du Pont Co. of 
Wilmington, Del., has demonstrated 
the feasibility of using a single 
bundle of fiber-optic light pipes to 
replace the complicated wiring har- 
ness used in an automobile electri- 
cal system. Modulated infrared sig- 
nals from light-emitting diodes were 
transmitted down a bundle made of 
Du Pont’s Crofon IRX fibers. Re- 
ceivers at the far end detected the 
light, decoded the signals, and then 
energized either a horn or headlight. 
Quadri Corp., Phoenix, Ariz., de- 
signed the transmitting and receiv- 
ing modules. 


Awards. The FAA’s award of con- 
cept-definition studies totaling $3 
million for a microwave instrument 
landing system has gone to the six 
companies expected [Electronics, 
Jan. 3, p. 43]: AIL division of Cutler- 
Hammer Inc., Bendix Corp., Texas 
Instruments, Raytheon Co., Hazel- 
tine Corp., and ITT Gilfillan Inc. 
Amounts ranged from $463,000 to 
$500,000. 
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. NEW 140° FIELD OF VIEW. 


The presence or absence of light is 


NEW DIFFUSING LENS. t's Sh, ee 
Makes the MLED55 appear as a ‘eu. 
large area light source emitting 

from the entire lens surface. The 

emitter appears much larger than 
the actual chip size and is more 
easily seen from a distance. 


“off-axis” 


High-speed, low-cost stripline 
fabrication techniques originally pio- 
neered by Motorola for the plastic 
transistor have been adapted ae, 
to MLED55 production. There’s 
immediate availability from your 
Motorola distributor . . . in our factory 
warehouse . . . for your prototype/ 
production needs. 


LOW FORWARD VOLTAGE. 
Low V; in the ‘‘on’’ condition means 
the MLED55 is compatible with typ- 
ical IC voltage and current outputs. 
No separate power supply is 
needed. 


LIGHT 
EMITTING 


DIODES 
ACTUAL 


PLASTIC SIZE 


Axial 
Luminous 
Intensit 
1.0 mcd 
@20mA 
0.6 mcd 
@20mA 


Power 
LED Output LED 
MLED60 550 uW MLED900 


@50mA 


350 uW 
@50mA 


Visible Red 


660 nM 1100 fl 


@50mA 


MLEDS50 MLED600 


MLED55 


Power 
Output 


550 uW 
@50mA 


Infra Red 
900 nM 


MLED90 


A LED for every application! 
Volume-availability on every LED! 

. an unbeatable combination to fill today’s 
exploding application needs for red and infrared 
light-emitting diodes in instruments, computers, 
peripherals, industrial controls, optical communica- 
tions and entertainment equipment. 

And a variety of packaging techniques makes it 
easy to choose a just-right LED for your design, too: 
tiny, hermetically-sealed “‘pill’”’ packages, — large, 
bright REDHEADS* in the industry-standard, 
TO-18 — economical, plastic Mini-T* cases. 

Motorola has a full complement of photodiodes, 
phototransistors, photo Darlingtons and PIN diodes 


to match its capability in LEDs. All available for 


your needs from distributor or factory. 
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No filaments to burn out, no 
parts to shake loose. Oper- 
ated under forward voltage con- 
ditions only so current-steering \ 
circuit conditions are realized, the 

MLED55 has a life expectancy in 

excess of 100,000 hours. 


\ easily detected through a full, 

on/off condition 
can readily be determined from an 
viewing angle. 


ACTUAL 8 


SIZE 


MLED910 


NEW LONG LEADS. 


Nearly 7/16”-long leads and a 
visible difference between anode 
and cathode make the MLED55 
easy to work with and easy to 
install . . . without polarity error. 


140° 


HIGH LUMINOUS INTENSITY. 


The MLED55 shines at 0.6 

millicandellas at a drive current of only 
20 mA. Applicable to both diffusing 
lens and point source light emitting 
devices, axial luminous intensity in 
millicandellas is a more explicit and 
translatable LED visibility measurement. 


LOW COST. 


Just 57¢ for 100-up quantities 
of the MLED55 puts solid-state 
LEDs in reach of designers of 
\ circuit/status indicators, fault 
indicators in systems requiring 
frequent trouble-shooting, on-off 
indicators for small, hand-held 
instruments and linear or large 
matrix displays. 


HERMETICALLY SEALED 


LED Brightness LED Brightness LED Brightness aa. 


MLED610 


1100 fl 
@50mA 
Power 


MLED930 650 uW 
@ 100 mA 


1100 fi MLED630 


@50mA 


Power 
Output 


150 uw 
@50mA 


Write on your company 
letterhead for a copy of 
our new, updated Let 
There Be Light bro- 
chure .. . full of specs 
and applications to 
turn you on to the 
world of optoelec- 
tronics. Send for it: 
Box 20912, Phoenix, 
AZ 85036! 


TRADEMARK MOTOROLA INC 


MOTOROLA OPTO 
—/et there be /ight 
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A 400 pound hammer is a 
helluva blow to a minicomputer 


eeoiniess i@’s a Ruggednova 


The U.S. Navy recently bombarded our severe environ- 
ment minicomputer. 

As part of military qualification tests at the Naval 
Electronics Laboratory Center, our Ruggednova 1601 
had to stand up under nine blows of a 400 pound ham- 
mer swung through a five foot arc. Hard Mounted! 

The 1601 was displaced three inches by the impact, 
but came through without failure, becoming to the best 
of our knowledge the first general purpose digital com- 
puter to survive this test. It received full qualifications 
to military specifications Mil E 5400 and Mil E 16400. 

The hammering was only part of the test. Other quali- 
fications included operating the Ruggednova through- 
out a temperature range of —55° to + 71°C at altitude 
levels from sea level to 70,000 feet. Then came salt 
spray/salt fog test, a five day 95 percent humidity test 
and stringent electromagnetic interference suppression 
tests. 

Ruggednovas are proving themselves in the field too. 
They are currently being used in more than 50 severe 
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environment applications by both military and industry. 

This rugged version of Data General’s Nova with 4K 
of memory has been delivered in 30 days for a price of 
$13,500. It has a military designation of AN-UYK-12 (V) 
and is provisioned in Navy and Air Force spares. A full 
line of peripheral devices and software complete a 
package that is tough to beat. Write or call Rolm Corpo- 
ration, 10300 N. Tantau Avenue, Cupertino, Calif. 95014 
(408) 257-6440, TWX: 910-338-0247. 


CORPORATION 


In Europe, 

contact Rolm at 

4 Cours Des Bastions, 
1205 Geneva, 
Switzerland. 

Phone 022/242306. 
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ATS program 
flies into trouble 


LEAA may drop 
standards effort 


CATV growth 
will be affected by 
new Domsat ruling 
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Washington Newsletter 


February 14, 1972 


“Serious funding problems with the whole program” are likely to stretch out 
Applied Technology Satellites F and G. According to sources close to the pro- 
gram, design changes and the addition of extra experiments on board the satel- 
lite are running the $200 million program short of money, and this could throw 
off next year’s launch of F and possibly even scrap the 1975 launch of G. Even 
the FY 1973 funding expected in July may not be enough to rescue the pro- 
gram’s timetable. 

Officially, NASA isn’t “prepared to discuss the matter,” but agency spokes- 
men say privately that such problems aren’t unusual in large new programs. 
However, to make up for lost time, program managers are said to be consid- 
ering flying the engineering prototype as the F satellite, instead of building a fi- 
nal model. This is risky business, observers state. And subcontractors, such as 
Philco-Ford’s Space and Re-entry Systems division, which is handling the 
communications electronics, are falling behind schedule to prime contractor 
Fairchild Industries. As for G, one source, who says that there won’t be enough 
money to pay for both the vehicle and its experiments, comments ruefully: 
“They’re loading so many experiments on F, you won’t need G anyway.” 


The prospect that firm Federal standards may never evolve for local police 
communications systems and other law enforcement electronics is very likely, 
say Congressional sources. That is one result predicted for Jerris Leonard’s 
reorganization of the Law Enforcement Assistance Administration since he 
took over the agency last May. In the face of rising Congressional criticism of 
LEAA~—largely for ignoring minority group rights and for poor fiscal plan- 
ning—Leonard continues to push for dropping LEAA’s right of prior approval of 
state programs for spending Federal law enforcement grants. Instead, states 
would be given block grants to spend at their discretion, despite protests of 
some city and county governments. 

If LEAA surrenders its jurisdiction over local spending of Federal grants, in- 
dustry officials also expect that its technical standards efforts will evaporate as 
well. “If they don’t control the purse, they might as well forget everything 
else,” says one industrial official of the agency’s long-delayed effort to develop 
a first standard for police radios. 


With the Federal Communications Commission’s compromise ruling on cable 
television systems scheduled for March 31 implementation, industry officials 
now want to see how CATV will be permitted to tie in with domestic satellite 
systems. An FCC decision on these satellites is expected by early spring. “The 
two decisions must be considered together” in any forecast of the growth rate 
of the CATV equipment market, say Electronic Industries Association offi- 
cials. Interconnection of CATV with such systems would rapidly expand the 
market for broadcast equipment and receivers. 

Of the CATV rules themselves, equipment makers say they are pleased with 
the FCC requirement that systems have a built-in capability for two-way, non- 
voice communications at the start, even though subscriber terminals will not 
immediately be required. Industry officials also favor a separate FCC action 
establishing a technical advisory group on CATV standards such as signal car- 
riage, two-way systems, and other questions as they arise. Organizations inter- 
ested in committee participation must communicate by March 15 with the 
FCC’s Sol Schildhause, chief of the Cable Television Bureau. 


49 


Nixon in trouble 
with DOD budget 
in Congress. . . 


. . . as deficit 
turns supporters 
into sharp critics 


50 


Washington Commentary 


A year ago Defense Secretary Melvin Laird said the $505.8 million budgeted 
for the Air Force’s F-111 interceptor represented the last buy in the program. 
Now his fiscal 1973 program delivered last month to Congress contains a 
$160.3 million request for another dozen planes. Why? The unofficial explana- 
tion by one Pentagon economic specialist is that “at $13.3 million apiece those 
planes represent a good buy.” That answer is surprising indeed to anyone re- 
membering the flap over the F-111 cost overrun a few years back and how it 
brought the Congress down on the head of then Defense Secretary Robert 
McNamara. But now, in 1972, the F-111 is in fact less expensive than fighters 
running to $15 million and $18 million a copy. 

There is a message in this for an increasing number of Senators and Con- 
gressmen. And when such hardliners on defense spending as Arizona’s Barry 
Goldwater tells his Senate colleagues—as he recently did—that Pentagon pro- 
curement represents “a godawful waste of money,” then it is apparent the mes- 
sage is being received and the mood of the Congress is changing. This became 
clear when the President submitted his fiscal 1973 defense request as part of 
his deficit budget. As one Pentagon lobbyist on Capitol Hill put it: “The lid’s 
finally blown off the pressure cooker. Those people up there are mad as hell.” 


More and more members are making it clear to the President that his de- 
fense program is in for rougher than usual treatment. Ordinarily that goes 
without saying in an election year, when control of the White House and the 
Congress is split between the parties. But the significant new element is that 
the criticism is increasingly bipartisan. Though Secretary Laird proposes to 
spend only $75.9 billion of the $83.4 billion sought, the Nixon request is $6.3 
billion more than last year and represents the largest single increase for any 
agency. 

Stung by three successive Nixon budget deficits, conservatives are telling the 
President they won’t support a fourth. In addition to Goldwater, they also in- 
clude South Carolina’s Strom Thurmond and such powerful committee chair- 
men as Mississippi’s John Stennis of Armed Services, Louisiana’s Allen Ellen- 
der of Appropriations, who also chairs the defense spending subcommittee, 
and House Appropriations Committee boss George Mahon of Texas, who 
heads the lower chamber’s defense spending body, too. For each it appears his 
sense of fiscal economy overrode a strong sense of national security. 

Virtually all the President’s fiscal critics voice the same complaint: the 
budget lacks credibility. For Goldwater the nation is “continuing down the 
road to fiscal disaster.” Ellender charges the President with “deceiving the 
American people,” while Mahon credits the White House with “a masterful 
job of putting a rosy image on a near-disastrous financial situation.” 


Such sharp criticisms guarantee that defense spending will be a major cam- 
paign issue, and are sure to stall the appropriation in the Congress. That may 
well be what the President wants to support an attack on a foot-dragging legis- 
lature. But those same assaults from Capitol Hill also seem to have blown the 
Nixon-Laird strategy to push a big defense appropriation through behind a 
handful of highly visible, controversial, and, if necessary, expendable program 
such as the B-1 bomber and the Airborne Warning and Control System. Now 
the whole Pentagon program is in for severe scrutiny, and it seems there is 
little anyone can do to forestall some stiff appropriation cuts. .—Ray Connolly 
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You're looking at the only self-contained single 
instrument capable of measuring virtually __ 
any microwave signal from 20 Hz to — 
18 GHz. It’s Systron-Donner’s 6057 
frequency counter, which combines 
S-D’s Automatic Computing Transfer 
Oscillator (ACTO®) with an advanced 
manual T.O. system. 

CW and AM measurements are fully | | 
automatic from 20 Hz to 18 GHz—simply | 
connect the input and read the final f 
answer. FM and pulse modulated car- 
riers are measured using a simple 
3-step operation which yields direct 
readout answers, even with pulse widths as short as 0.1 jsec. 

A full nine digit readout with automatic decimal point and annunciator 
is standard. Resolution down to 1 Hz is selectable from front panel 
pushbuttons. Options include digital outputs, remote programming, and 
a complete selection of extended stability time base oscillators. 

The 6057 is priced at only $5,450, which is just about what you’d expect to pay for 
comparable instruments without FM and pulsed RF capability. However, with 
S-D you pay for only what you need. If it’s CW only you need to measure, then choose 
our Model 6016 at $4,575, or for only $3,695 you get a Model 6092 manual T.O. 
measuring system. 

Ask your local Scientific Devices offices for technical data or contact: Concord 
Instruments Division, 888 Galindo St., Concord, CA 94520. Phone (415) 682-6161. 


SYSTRON — DONNER 


The Systron-Donner Instruments Group: 
Alpha Scientific 0 Computer Systems 0 Concord Instruments 0 Datapulse 0 Kruse Electronics 0 Microwave (1 Trygon Electronics 


For only $5450 
you ean get the 
onel8Gliiz box 
that measures 
everything:FM, 
pulsed RF 

and CW. 
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Computer malfunctions cause incal- 
culable chaos in split seconds. That's 
why you need multi-layer laminates 
made by the finicky folks at Norplex 
Division of UOP. 

They're such sticklers for high 
standards they had to design much 
of their own quality-control equip- 
ment. That's how they can guarantee 
to meet or exceed NEMA, MIL-P and 
customer specifications. 


And their clean rooms with pre- 
cisely controlled temperature and 
humidity provide an extra measure of 
inclusion-free dependability. Norplex 
multi-layer laminates are without 
equal for stress-free uniform quality 
and dimensional stability. 

Your Norplex representative is uni- 
que, too. He’s a laminate engineer, a 
problem-solving consultant, offering 
you the widest line of laminates in 
the business. And he’s backed by a 


customer-service team assigned to 
each account for complete follow- 
through. 

For process predictability in com- 
puter laminates, call on the Lint- 
Pickers. Norplex Division, UOP (Uni- 
versal Oil Products Company). 

Main Office and Plant 
Norplex Drive P.O. Box 186— 
LaCrosse, Wisconsin Route 31 North 


54601 Franklin, Indiana 46131 
608 /784-6070 317/736-6106 


Franklin Office and Plant 


How the Lint-Pickers 


keep the numbers game clean. 


byUCO 
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Ring up more savings 
on keyboard switches. 


As much as 50% 


(savings per key) 


The new 
Oak 
Series 
400. 


Get Oak-engineered qual- 

ity in keyboard switches with 

the inherent reliability of electro- 
mechanical operation. Ideal for peripheral 
data-processing equipment. Contact 
bounce is less than 3 milliseconds. Long 
life, up to 20 million operations per key. 
Designed with self-cleaning crossbar-wip- 
ing contacts. 


Under 
30¢ 
each. 


For SPST/NO in production quantities. 
Other versions comparably priced. Keytop 


button and snap-in mounting extra. 


A 
feather 
touch. 


We kept the operator in 
mind. Standard operating force is approxi- 
mately 85 grams (3 02.). 


Also 
from Oak: 
Series 300 Lighted 

Pushbutton Switches. 


Featuring Oak's exclusive twin-lamp light- 
ing. If one lamp goes out, the other stays 
on. Double-wiping contact clips. Short 
stroke. Smooth, quiet operation. Unlimited 
combinations. Request our Series 300 
brochure. 


The 
configurations 
you want. 


The Series 400 is available in limitless ar- 
rangements, including standard 10, 12, 
and 16-button keyboards. And you can 
specify any of six different contact cir- 
cuitries. Choose snap-in or plug-in P.C. 
mounting. Compact—only V2” x Yo" x 1”. 


Write today for our Series 400 brochure. 


OAK MANUFACTURING CO. 


CRYSTAL LAKE, ILLINOIS 60014 - 


Telephone 


815-459-5000 TWX: 910-634-3353 


TELEX 


A DIVISION OF OAK ELECTRO/NETICS CORP 


722-447 
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THE RAN. 


The first 4-channel programmable op amp. With more application 
possibilities than we could possibly list on this page. 


* 


HA-2400/2404/2405 

Take a good look at this new linear 
building block. It’s unique and so 
versatile we keep discovering more 
and more applications for it. 

Each PRAM contains four 
preamplifier sections, one of which 
is selected through the DTL/TTL 
compatible inputs and connected to 


FUNCTIONAL DESCRIPTION 


More challenges: 

The foregoing diagrams show just 
three of many applications we've 
designed using the PRAM. The 
following lists other possibilities we 
haven't had time yet to prove out. Why 
don't you try your hand at designing 
them or any other ideas you come up 
with, and send them to: 


ps E. Fernandez 
P.O. Box 883 
Melbourne, Florida 32901. 


Ato Dconverter, Dual Slope 
Integrating 


the output amplifier. The selected | 
analog input terminals and the output 4 

terminal form a high performance : le? 
operational amplifier for just about any no sera ged 
use you can dream up. And we hope is 5 aap 

you'll dream up some. If you do, send Ca 


DIFFERENTIAL 
PREAMPLIFIERS 


INPUT 


HA-—2400 / HA—2405 


them along to us and we'll see what we 
can dream up by way of a reward. 


Active Filter, State Variable Type with 
Programmable Frequency and/or 
Programmable “Q” 


t : ifier, non-inverting 
Rectures programmable gain Amplifier with Programmable D.C. 
Offset current 5nA ijn Level Shift 
Voltage gain 150K Chopper Amplifiers 
Slew rate : 
yr oneane +15V/ys Crossbar Switches 
Av =+10 =50V/us Current Source, Programmable 
Gain Bandwidth Product F.M. Stereo Modulator 
Av=+1 8MHz 
Av=+10  40MHz BS.5. Maden 
DTL/TTL compatible Function Generators, Programmable 
100-999 units Gyrator, Programmable 

0° to + 75°C $10.45 iplexer ivi 
ates 25°G 10 85°C $ 1 5.95 with Ce ek eases bia holed brator, 
—55°C to + 125°C $23.65 


For more details on the PRAM contact 
your Harris representative or 
distributor. 


Multiplier, Pulse Averaging 
Peak Detector with Reset 


Resistance Bridge Amplifier/ 
Comparator with Programmable 
Range 


i 


Sense Amp/Line Receiver with 
Programmable Threshold 


Spectrum Analyzer, Scanning Type 


Integrator/ramp generator 
with initial condition reset 


HARRIS 
SEMICONDUCTOR 


A DIVISION OF HARRIS-INTERTYPE CORPORATION 
P.O. Box 883, Melbourne, Florida 32901 
(305) 727-5430 


DISTRIBUTORS: Schweber Electronics: Westbury, New York (516) 334-7474; Rockville, Maryland (301) 881-2970; Hollywood, Florida (305) 927-0511 / Harvey/R & D Electronics: 
Lexington, Massachusetts (617) 861-9200 / Semiconductor Specialists, Inc.: Chicago (312) 279-1000; Detroit (313) 255-0300; Minneapolis (612) 884-8132; Kansas City (816) 452-3900; 


St. Louis (314) 428-6100; Dallas (214) 358-5211; Indianapolis (317) 243-8271; Pittsburgh (412) 781-8120; Dayton (513) 278-9455 / R.V. Weatherford Co.: Albuquerque (505) 265-5671; 
Anaheim (714) 547-0891; Austin (512) Enterprise 1443; Dallas (214) 231-6051; Denver (303) 427-3736; Glendale (213) 849-3451; Houston (713) Enterprise 1443; Palo Alto (415) 321-5373; 
Phoenix (602) 272-7144; Pomona (714) 623-1261; San Diego (714) 278-7400; Seattle (206) 762-4200. HARRIS SALES OFFICES: Wellesley, Massachusetts (617) 237-5430; 

Wayne, Pennsylvania (215) 687-6680; Palos Heights, Illinois (312) 597-7510; Melbourne, Florida (305) 727-5430; Palo Alto, California (415) 321-2280; Norwalk, Connecticut (203) 853-3646; 
Washington, D.C. (202) 337-4914: Dallas, Texas (214) 231-9031; Scottsdale, Arizona (602) 946-3556; Long Beach, California (213) 426-7687 
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Bendix puts an end 
to the bends. 


You know the bends. That’s when connector 
pins are bent or damaged during mating by 
misaligned plug and receptacle. 

The bends just can’t happen with Bendix 


SJT connectors. Pins are recessed. Stronger, 
too. And that makes them 100% scoop proof. 


You get positive protection whether the pins 
are in receptacle or plug. 
You get five-key polarization, too. And that 
makes mismating a thing of the past. 
Consider, too, Bendix SJT connectors meet 


the performance and mounting characteris- 
tics of MIL-C-38999 and are available with all 
insert and contact configurations covered 
by that specification. Lightweight shell sizes 
from 8 to 24 with from 3 to 128 crimp type 
contacts accommodating wire gauges from 
12 to 28. 

Now then. Like to put an end to the bends? 
Write for our new SJT catalog. 

The Bendix Corporation, Electrical Com- 
ponents Division, Sidney, New York 13838. 
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400 kHz to 500 MHz with 
115-dB dynamic range and 
0.005-dB resolution. Precise 
measurements of transmission 
and reflection properties — 
magnitude, phase, group 
delay, and S-parameters — all 
direct reading and neatly 
displayed on a built-in scope. 
Complete characterization of 
filters, amplifiers, cables, 
antennas, delay lines, 
transistors, or almost anything 
else that comes to mind — all 
at the push of a button. 


For High-Frequency Measurements 


General Radio 


La Lal 


4 


500 MHz! A full 400 kHz-to- 
500 MHz frequency span, 
automatically swept over the 
full range ora portion of it — 
all at the twist of a knob. There’s 
more, of course, including 
computer-controlled systems or 
other versions tailored to your 
needs. Look into it. Better yet, 
see it — in action —in 
your application. 

For a demonstration of this 
remarkable system, call your 
local GR center. The price for 
the basic 1710 RF Network 
Analyzer? Only $6850 
(truly remarkable). 


300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 


NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-8990 « BOSTON 617 646-0550 
CHICAGO 312 992-0800 * WASHINGTON, D.C. 301 881-5333 * LOS ANGELES 714 540-9830 


TORONTO 416 252-3395 « ZURICH (01) 55 24 20 
GRASON-STADLER 617 369-3787 * TIME/DATA 415 327-8322 
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The No.1 Interface Line is also 
the No.1 problem solver. 


Find a need and fill it. That's our orders. And now 
the one and only specifically designated, complete inter- 
face line in the field tackles two more stumbling blocks 
with: 

The only bidirectional one-shot in existence, and the 

first IBM-compatible line driver and receiver. 
Applications and features below — along with the entire 
8T series of exclusive interface devices. Your #1 problem 
solvers. Offering unique advantages unavailable in any 


Find your need. We'll fill it. 


other ICs on the shelf. All production-proven, in stock 

now from your Signetics distributor, salesman or rep. 
FREE complete handbook of applications for the #1 

interface line is yours for the asking. Circle #230 on 

reader service card, or 

write Signetics-Inter- P| a 

face, 811 E. Arques at TEE iS 

Avenue, Sunnyvale, 

California 94086. Or 

call (408) 739-7700. 


APPLICATION 


SOLUTION 


Precision digitizer for disc, tape and drum systems. 
Digital communications receiver. 

Signal conditioner. 

Bidirectional transition detector. 

Frequency doubling. 


8T20 New Bidirectional One-Shot. 

Combines linear comparator, one-shot and logic all-in-one. Func- 
tions as a zero-crossing detector with an input threshold of 15 
-+-4mV and positive or negative edge triggering, or both. 


To meet compatibility requirements of IBM System 360 I/O inter- 
face specs, channel to control unit. When tying on any peripheral 
equipment such as core memory, discs, graphic terminals, etc. 


8T23 Dual Line Driver. 

8724 Triple Line Receiver. 

The first and only interface driver/receiver pair proven totally 
compatible with IBM 360. 

Replaces discrete components. 


To conform with EIA-Std-RS232, MIL-Std-188 and CC-ITT-V24 
specs, when transmitting and receiving digital data. 


8T15 Dual Line Driver. 
8T16 Dual Line Receiver. 
EIA/MIL communications devices. 


Digital data transmission and receiving, using coaxial cable, 
twisted-pair, or other low impedance lines. 

Party-line data transmission. 

Schmitt trigger. 

One-shot. 


8T13 Dual Line Driver. 

High current driver with short-circuit protection and DOT-OR 
capability. 

8T14 Triple Line Receiver. 

High input impedance receiver with Hysteresis. 


Data transfer in bus-oriented systems. 
Modular systems design. 
Minicomputer design. 

Multiplexing. 


8T09 Quad Bus Driver. 

Tri-state logic configuration to increase system performance. High 
speed (10ns) and high current (40mA) capability. 

8T10 Quad D-Type Bus Flip-Flop 

Tri-state outputs with input and output disable. 50MHz typical 
toggle rate. . 


Driving seven-segment numerical displays, LEDs or incandescent 
lamps. 


8T04, 8T05, 8TO6 BCD-to-Seven Segment Decoder/ Drivers. 
For driving almost any type of display —LEDs, Numitron, etc. 


Low voltage (-+5V) to high voltage (40V) level translation. 


8T80 Quad 2-Input NAND Gate. 
8T90 Hex Inverter. 
Low-to-high voltage interface gates. 


High voltage (10V-50V) to TTL (+5V) level translation. 


8T18 Dual 2-Input NAND Gate. 
High-to-low voltage interface gate. 
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SIGNETICS CORPORATION —A SUBSIDIARY OF CORNING GLASS WORKS 


oy 


family takes 


Our filter/capacitor 


experimentation out 
of circuit design. 


We provide the comprehensive 
data you need for every one of our 
filter and capacitor components. 
Attenuation curves (by current, 
voltage or in combination at room 
temperature and maximum). Test 
procedures. Application aids. 
Specs. Dimension drawings. That's 
why the Allen-Bradley family is 
easier to work with. We also give 
you high volumetric efficiency and 


® 


Actual Size 
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a wide variety of styles. Backed by 
our famous track record for quality 
and improved performance. Re- 
quest your personal copies of our 
literature. Call our nearest appoint- 
ed electronics distributor, or write: 
Allen-Bradley Electronics Division, 
1201 South Second Street, Mil- 
waukee, Wisconsin 53204. Export: 
Bloomfield, New Jersey 07003. 
Canada: Galt, Ontario. 


NEW DIMENSION ELECTRONICS 


ALLEN-BRADLEY 


Publication 5409: type FA, FB, FW, SB, 
SS ceramic disc capacitors for VHF/UHF 


Publication 5410: type FCS, SMFB, SMFO 
filters for the 50 MHz to 10 GHz range 


Publication 5411: type CL multi-layer, 
coaxial capacitors for connectors 


Publication 5414: type MT, MS by-passing 
capacitors for 50 KHz to 1 GHz 


Publication 5416, 5417: type BE, SF filters 
for RFI/EMI suppression 


Publication 5418: type AB broad band 
filters in Pi, T and L configurations 


& 


Oy 


EC71-17 © Allen-Bradley 1971 
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Technical articles 


Special report, Part 3: Optoelectronics in storage and retrieval: page 60 


Storing an encyclopedia on a chip—and retrieving the information in micro- 
seconds—is the promise of optical memories. A couple of years ago, it was only a 
hope. But now advances in holographic recording systems, monolithic displays on 
light-emitting substrates, and photochromic tubes bring the era of useful ultrahigh- 
capacity information retrieval extremely close. This third section of our three-part 
optoelectronic series details just how close that day is. 


The cover: One significant advance in optoelectronics is the development of 
monolithic light-emitting displays. Some of the processing steps in producing such 
a gallium phosphide display are shown in photos from General Electric. 


How to double op amp summing power: 73 


When you want to perform algebraic manipulation of several signals, summing 
them with an operational amplifier is a handy route to go. Indeed, op amps can 
sum simultaneously on both the inverting and non-inverting inputs. But the calcu- 
lations for the non-inverting input are tedious, so designers frequently use only the 
inverting input. Now author Raymond G. Kostanty shows how to simplify these cal- 
culations. 


Bipolar vs MOS—the battle’s far from over: page 82 


Researchers are still working on ways to increase the density of bipolar arrays and 
to cut their power consumption. The goal is to make them competitive with metal 
oxide semiconductor devices in cost, yet retain their inherent speed advantages. 
Two groups report some success in extending the life span of bipolar technology. 


From IBM's labs in Boeblingen, West Germany, comes the story of a novel bipolar 
static memory with almost the packing density of dynamic MOS storage devices. 
Individual cells can be read in less than 10 nanoseconds and written in less than 
40 ns. The key to its size is direct injection of minority carriers into inversely oper- 
ated flip-flop transistors. 


And from Philips Research Laboratories in the Netherlands come the details of a 
large-scale bipolar shift register that has low power dissipation and a high 
speed/power ratio. Like the IBM device, the Philips register achieves its high den- 
sity by combining functions on a single island of diffused material. 


Andin the nextissue. . . 


A round-up of bucket brigade advances . . . simplified transistor testing. . . pit- 
falls to avoid in cost estimating. 
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The medium 
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will soon be 
optoelectronic 


Part 3 of this Special Report 
describes optical methods 

of information handling— 

LED and holographic memories, 
monolithic displays, and 
storage/display tubes 


by Laurence Altman, Solid State Editor 
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L] Once, a library on a chip seemed light years away. 
Even two years ago, when it was obvious that high-ca- 
pacity optical memories and large-scale monolithic dis- 
plays were the way to go, the prospects of implementing 
them seemed dim, since optical storage materials were 
lacking, light sources were too weak, and methods of 
light deflection and modulation were too inefficient. 

Today, however, holographic storage and retrieval 
memories with trillion-bit capacities and microsecond 
accessibility seem almost within reach. So do monolithic 
displays made on light-emitting substrate material, with 
a full range of alphanumerics and other characters. And 
so do photochromic-tube storage systems capable of 
calling up a central file for a page of a catalog—or a 
road-map or a patient’s medical history—and then dis- 
playing it indefinitely in low-cost terminals requiring no 
storage power. 

Research has moved further and faster than could 
have been anticipated. In storage media, for instance, 
films of manganese bismuth and europium oxide, and 
crystals of arsenic trisulfide allow data to be recorded 
and stored in the form of erasable holograms. Powerful 
YAG lasers pumped with diode arrays are becoming 
available to supply the needed watts of optical power. 
New electro-optical and electro-acoustic modulators, 
formed from crystals of lanthanum-doped PZT, lithium 
niobate, and new liquid crystals now make efficient 
modulation a reality. All the parts of a real system fi- 
nally are falling into place. 

Of the two ways of building an optical memory, the 
direct employs a one-for-one “correspondence between 
light source and detector, with the presence or absence 
of a signal forming the data pattern. The other method 
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is the holographic approach, which stores information 
in the shape of holographic dot patterns, and retrieves it 
by reconstructing the particular hologram containing 
the desired information. 

The two types have elements in common. Both need a 
coherent source of light, a method of modulation, and a 
method of detection. 


Read-only memories 


Figure | illustrates the direct approach. In Fig. | (a) 
light source illuminates a pattern of bits permanently 
stored on a mask. In Fig. | (b) the information is re- 
trieved by means of translating optics that energize the 
appropriate detectors. 

Though more limited, this sort of system is clearly the 
more practical to date, because reliable light sources 
and detectors have come available in the last several 
years. The film mask represents no difficulty at the 
present state of the graphic arts, and the translating and 
manipulating optics are also available. Although the 
method has no rewrite capability and offers less capac- 
ity than would a hologram system, it does yield useful 
field-alterable read- only memories. 

Quadri Corp., Phoenix, Ariz., has been actively devel- 
oping one-for-one systems. David LeFebre, Quadri’s di- 
rector of optical development, points out that such sys- 
tems will differ mainly in the means they adopt for 
conveying the light to and from the information-carry- 
ing film mask. “Three basic methods have been used or 
proposed,” says LeFebre. “One translates and manipu- 
lates the energy with the aid of lenses, another with re- 
flectors, and the third, with optical fibers.” 
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Monolithic. Large area displays bullt on monolithic GaP sub- 
strates represent the goal of many display manufacturers. 
These elements show a disk of p-stripes laid on the GaP, a 
dot matrix for one character, and the display in action. 


He indicates the drawbacks of each method: the first 
and simplest requires exact alignment and a high-qual- 
ity lens system; the second suffers from the same align- 
ment problems but not as severely; a fiber system is ex- 
tremely stable, but is more complex to build. Quadri 
opted for the last. 

In such a system, as Fig. 2 shows, each light emitter is 
associated with a group of fibers, each of which illumi- 
nates a specific site on the film mask. From that site, 
other fibers conduct the energy to the proper detector. 
To accomplish this routing, Quadri has developed an 
optical fiber which is extremely stable and which can 
transmit light energy while avoiding crosstalk. (The 
achievement should have significance in other optical 
systems as well, because Quadri’s optical fiber, unlike 
commercially available fiber, possesses excellent trans- 
mission qualities at 900 angstroms—the emission peak 
of GaAs laser sources.) With this fiber Quadri has built 
and delivered several 1,024-bit optical memories of the 
one-to-one type (a cross section is shown in Fig. 3). 
But LeFebre cautions, that this memory is not an 
across-the-board competitor for existing electronic 
memories, but is designed for a special application—one 
that employs a relatively simple data program but that 
requires the near-infinite isolation between input and 
output offered by optical memories. A major guideline 
in the dev elopment of this memory was the requirement 
for mask replacement in the field by relatively non- 
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1. Direct. In Quadri Corp's optical memory, a mask containing data 
is illuminated, and the light pattern detected, as (a) shows. In (b), the 
detection is done by the translating optics. 


technical personnel. Simplicity of mask creation and 
duplication also were important considerations. 

But clearly the simple one-to-one source and receiver 
memory is not the way to exploit the storage potential 
of the optical memory to the full. For bulk storage, 
some form of holographic memory system must be de- 
veloped, and it’s to this end that several major manufac- 
turers are dedicated, including RCA, Harris-Intertype’s 
Radiation subsidiary, Honeywell, IBM, and others. 


Memory for the masses 


There are two types of optical mass storage: the read- 
only archival type, and the read/write random access 
type. Both promise storage densities on the order of 101” 
bits, and both have intrigued the manufacturers and 
users of memory equipment for almost a decade. It is 
generally agreed that by now the simpler archival 
memory can be built with known techniques and de- 
vices, but the read/write mass memory may still require 
technological innovation. 

Traditional methods of storing and retrieving docu- 
ments are inadequate to cope with the large amount of 
information generated by modern society. They are 
both slow and expensive. 

An interim solution to this problem is microfilm, but 
eventually the need for storage at higher density will ex- 
ceed the limitations of microfilm storage and retrieval 
devices. The precision of the readout optics can only be 
improved so far, and use of storage material with vir- 
tually no surface defects becomes very expensive—and 
that’s to ignore the fact that even very careful handling 
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exposes it to dust and scratches that could easily ob- 
scure portions of the recording. Furthermore, dupli- 
cation of high-density microfilms is complex and costly. 

Holographic storage and retrieval techniques may be 
the answer. Potentially, holography makes it possible to 
miniaturize, index, retrieve and view documents simply 
and directly, without complex optics. To list the several 
advantages: 
= Lenses are not required to project the image onto a 
viewing screen, as is the case with microfilm storage. 
Each hologram stores both data and the optical imaging 
properties of a lens of high quality. 

# With a hologram system, the all-important focusing 
mechanism need not be adjusted when indexing image 
to image, as with microfilm systems. Focus is noncritical 
because of the large depth of field. 

= Image resolution can be as good as the diffraction 
limit imposed by the size of the hologram. 

= Aberrations which occur with imaging lenses can be 
avoided in hologram imaging. 

® It is possible to store data with large dynamic range, 
in fact, continuous-tone photographs can easily be re- 
corded. 

= Dissemination copies can be produced from a master 
hologram with a simple noncontact process, eliminating 
another microfilm problem—the deterioration of master 
and submaster that usually occurs with repeated contact 
printing. 

Although the details of a hologram document storage 
system can vary widely, most systems have a common 
format by which they store and retrieve data. Gener- 
ally, the document to be stored is introduced into the 
holographic system as a photographic transparency—for 
example, bleached photographic emulsions, or dichro- 
mic gelatin. This is done in the usual way: a light wave, 
modulated by the transparency, interferes with a co- 
herent rererence beam, and the resulting pattern is re- 
corded to form a hologram. This hologram is part of a 
larger array of separate holograms, each of which stores 
a separate document. The data is retrieved by address- 
ing any particular hologram with a light beam that is a 
replica of the reference beam. An image of the docu- 
ment is reconstructed and projected onto a viewing 
screen. 


How holograms store data 


The essential features of all holographic systems can 
be understood with the aid of Fig. 4. In the recording 
arrangement in Fig. 4 (a), the reference beam, which 
derives from a laser, addresses a specific storage loca- 
tion. At the same time, another beam, derived from the 
same laser but modulated by the data transparency, is 
transformed and transferred to the storage location by a 
lens system. The interference pattern of the signal beam 
with the reference beam forms a hologram at the stor- 
age location, where it is recorded. 

The readout arrangement is shown in Fig. 4 (b). 
When a hologram is addressed by a readout beam, an 
image of the input data is formed on the readout plane 
where a viewing screen is located. Information about 
each part of the document is spread over the entire area 
of each hologram so that the sensitivity of the system to 
dust particles and scratches is much reduced. (Dust and 
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2. By the bundle. To interrogate large memories, Quadri developed a special fiber bundle to transmit light at GaAs emission peak to each bit 
site. Corresponding bundles pipe the light to the detector. This method eliminates the need for multiple emitters and detectors. 


scratches will slightly reduce the signal-to-noise ratio for 
each portion of the reconstructed document, but none 
of the information will be completely destroyed.) Fur- 
thermore, exact positioning of the individual holograms 
and the uniformity of illumination at the hologram 
plane are not very critical. 

Radiation Inc., the Ann Arbor, Mich., subsidiary of 
Harris-Intertype Corp., was one of the earliest facilities 
to devote its resources to optical storage and retrieval 
systems, and the systems developed there represent the 
most advanced in existence. Anthony VanderLugt, re- 
search manager at Radiation’s Electro-Optics Center, 
points out that, “of the many different types of holo- 
grams that can be used for storing and retrieving infor- 
mation, Fresnel and Fourier transform holograms ap- 
pear most suitable.” 

The Fourier approach is particularly attractive be- 
cause information packing density is highest in the Fou- 
rier transform plane (upwards to 10! bits per square 
centimeter). However, with Fourier transforms, the fluc- 
tuation of the light distribution can exceed the dynamic 
range of conventional recording media, and this results 
in nonlinear recording and reconstructed imagery, 
which are not suitable for visual displays. Although a 
number of techniques are available to overcome the 
dynamic range problem, a simple solution is to locate 
the holograms at a plane which is slightly displaced 
from the Fourier transform plane of the lens. 

In one type of Radiation’s recording arrangement, il- 
lustrated in Fig. 5, this modified near-Fourier transform 
approach is used. The input data is in the form of a 35- 
millimeter film strip, obtained by photoreducing the 
pages of the text to be stored as holograms. The lens 
shown in the figure serves both as an imaging and as a 
transform lens. As an imaging lens it projects a full-size 
image of the original document on a viewing screen. As 
a transform lens it forms the Fourier transform of the 
input data in the vicinity of the recording medium. In 
this application, it’s possible to compensate for imaging 
aberrations, so that the lens used need not be well cor- 
rected, and costs relatively little. 

The reference beam is a plane wave which impinges 
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on the hologram plane at an angle relative to the signal 
beam. After a hologram has been recorded, a different 
frame of the 35-mm film strip is indexed into position, 
the recording medium is translated so that a new por- 
tion is available, and the next hologram is recorded at 
this new address. The aperture of each hologram is 
1 mm square, and the center spacing between adjacent 
holograms is 2.5 mm. 

The readout configuration is simpler than that shown 
in Fig. 5, since the input signal path, including trans- 
parencies and lens, is eliminated. On being illuminated 
by a replica of the reference beam, each hologram pro- 
jects an image onto a 250-mm square screen. The effec- 
tive reduction factor is therefore 200 to 1, which is com- 
parable to advanced microfilm capabilities. 

Although in principle this holographic archival stor- 
age system is entirely practical, only parts of small sys- 
tems have been built. It’s still necessary to develop a 
recording technique for holographic samples that con- 
tains the density useful for an archive, and several ex- 
perimental teams are working in this area. 

However, a more limited holographic storage and re- 
trieval setup, in conjunction with a conventional micro- 
film system, forms a complete human-readable/ 
machine-readable (HRMR) system. This technique is 
particularly useful with large amounts of human-read- 
able alphanumeric and graphical data recorded on the 
standard 4- x 6-inch microfiche and stored in a central 
file. If the same data is also stored in machine-readable 
form on the microfiche, the digital data can be quickly 
retrieved and read into a computer for annotation and 
merging with new data for updating purposes. 

In the HRMR system being developed by Radiation, 
the machine-readable data is conveniently stored in bi- 
nary form in an unused portion at the top of the micro- 
fiche. The area available measures about % X 4 in., and 
the amount of stored data is 2.5 x 10° bits—the ASCII 
equivalent of 60 pages of the alphanumerics stored on 
the fiche in human-readable form. This means that the 
storage density of the digital data is about 2.5 x 10% 
bits per square inch, or about 4,000 bits/mm.? 

HRMR systems of this kind have been extensively 
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studied by the Rome Air Development Center of the 
Air Force, for use as large central files. In fact, Radi- 
ation will be delivering a HRMR system to Rome in June 
for evaluation. 

Since such systems will be eventually operated by 
semi-skilled personnel in an office environment, it is de- 
sirable to protect stored data from accidental damage. 
Holographic storage provides a way of insuring against 
data loss, because holograms have a natural coding 
property that allows the data to be retrieved, even when 
scratches and disturbances are incurred during the 
recording and retrieval processes, and surface defects 
are present on the recording film. 

In the Radiation system, digital data is stored as one- 
dimensional, computer-generated Fourier transform 
holograms. This information is recorded on the fiche af- 
ter conversion to an analog signal, which modulates the 
beam of a laser. After exposure and development of the 
fiche, the original digital data is retrieved by a hologram 
reader which consists of: a gallium arsenide laser 
source; an anamorphic optical system which performs a 
one-dimensional inverse Fourier transform on the holo- 
gram to recover the data; and a linear photodetector ar- 
ray which has the job of converting the data into an 
electrical bit stream. 

Figure 6 is a block diagram of the hologram record- 
ing system. In operation, the buffer accepts’ all the bits 
of data from the source, and transforms them into a pat- 
tern acceptable to the hologram film. There the re- 
quired ones and zeros holograms of the code are 
formed. After formatting the data, the transformed bits 
are applied to a d-a converter which in turn controls an 
electro-optical modulator which modulates the laser. 
This operation is illustrated in Fig. 7, which shows the 
basic laser scanner. The laser records the Fourier trans- 
form as an analog one-dimensional hologram that is 
3.2 mm long in a track 10 micrometers wide. Two holo- 
grams are recorded along one track in the “%4-in. direc- 
tion of the available area, and 6,510 tracks are formed 
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in the 4-in. direction, with a 5-~m guard band between 
the tracks. 

To read out the data, a laser diode is focused onto 
one of the holograms in the first track by the anamor- 
phic optics. The reconstructed bit pattern falls onto two 
linear photodetector arrays, one on either side of the 
optical axis of the reader, which convert the light pat- 
tern into an electrical bit stream containing 192 bits. 

A second laser diode, plus associated optics, reads out 
the data in the second hologram in the data track by 
being pulsed after the first hologram has been read out. 
The reconstructed bit pattern from the second hologram 
falls on the same two linear photodetector arrays. This 
light pattern is also converted into an electrical bit 
stream. The rest of the stored data is retrieved by mov- 
ing the microfiche in a straight path past the readout 
station in sequence, and repeating the above operation 
until the entire stored data is recovered. 

Unlike the full archival hologram storage and re- 
trieval system, all the components of the HRMR system 
are well within the state of the art. The most trouble- 
some requirement—the development of a laser powerful 
enough to record on available materials—is neatly cir- 
cumvented, since only about 1,300 spots must be re- 
corded across the 4-in. dimension, and the data in the 
hologram can therefore be contained in a spatial fre- 
quency bandwidth of only 26 to 102 lines/mm. This 
gives a data rate of about | megabit per second—a mod- 
est speed requirement for a laser scanner. Indeed, a 
low-power gas laser modulated by a standard electro- 
optical modulator and a low-speed rotating mirror is 
adequate to record the holograms as shown in Fig. 6. 


Standard parts 


Available recording materials, such as commercial 
Kodak films, have adequate signal-to-noise ratios and 
sensitivities for use in the system. In fact, at the packing 
density required, several have SNRs in excess of 24 dB— 
enough to give a system error rate of less than 10-7 
when about 4% of the hologram is obscured by defects. 
Even a high-quality, relatively insensitive film such as 
Kodak 649F, although having a slightly higher SNR, re- 
quires a recording laser power of approximately only 2 
milliwatts. 

The hologram generation unit of Fig. 9, which con- 
sists of a counter, a 9-bit adder, a 128-word ROM, an 
AND gate and an accumulator, can be built entirely 
from commercially available TTL logic. The cycle time 
for the device is about 0.1 microsecond. If several of 
these devices are used in parallel, the holograms can be 
generated at the rate required for the HRMR system. 

The laser source in the reader need not be compli- 
cated, either. It needs coherence in only one direction, 
because the holograms are one-dimensional, and this 
means that gallium arsenide laser diodes can be used. 
Such diodes have several advantages over conventional 
cw lasers: they are low-cost, reliable, small in size, and 
can be pulsed (that is, the holograms can be read while 


3. Memory hardware. This schematic of an optical memory from 
Quadri shows all the characteristic components—light source, fiber 
bundles to direct the light to and from the mask plate, and detector 
and driver circuitry. It's designed for a relatively simple program. 
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4. Simple Simon. All holographic optical memory systems operate 
when a reference beam and one modulated with data (a) interface to 
form a hologram. This interference pattern is read out (b) when the 
readout beam addresses it and produces an image on a screen. 


the fiche is in motion). Also, emission from a standard 
GaAs injection laser matches the spectral response of 
silicon phototransistors. 

The simplicity of the reader is perhaps the system’s 
most notable advantage. Like the light sources, the de- 
tector arrays are commercially available devices, and 
the optics are made up of simple, easily obtained com- 
ponents. Since the data is stored as Fourier transform 
holograms that are insensitive to motion along the 
track, the control of the transverse motion of the fiche- 
handling device is not critical. Also, a two-barrel reader 
design allows the fiche to be moved in a straight line 
along the 4-in. direction while reading out the data. 
Thus, no precision beam-deflection or beam-scanning 
devices with their attendant precision servo-control sys- 
tems are required, as they are in a system which reads 
out the digital data bit by bit. 


Read/write memories 


Interesting as these retrieval systems are, they are not 
easily updated with new information. The ultimate ob- 
jective is to develop a high-density, random access 
memory, capable of recording, retrieving, and also up- 
dating masses of data at high speed, and combining 
small size with large capacity. 

Scientists at major laboratories around the country— 
IBM, RCA, Hughes, Honeywell, and others—are using 
holographic technology to build just such an optical 
mass memory. The thrust of the work is to develop a 
holographic read/write memory that could store 10! to 
10'™ bits of information. 

Clearly a read/write memory depends on material on 
which a hologram can be quickly written and quickly 
erased. One material that has been of particular interest 
as a storage medium is a thin magnetic film of man- 
ganese bismuth. In conjunction with new techniques 
combining holography and Curie-point heating to write 
and read the data, it brings the promise of mass 
memory with the capacity and cost of the large conven- 
tional magnetic disks, plus an access time approaching 
that of core. 

This type of memory system is illustrated in Fig. 8. 
Writing and reading are functions of a laser light beam. 
The beam first enters a two-dimensional deflector which 
deflects it to any one of X-Y positions. For each of these 
positions or addresses, there is an area on the storage 
medium to which one hologram is allocated. Thus the 
physical address for each of “the pages is determined by 
the deflector. 

The deflected beam is then split into two—a reference 
beam, which goes directly to the selected page location, 
and an object beam, which bounces off a two-dimen- 
sional array of light modulators before arriving at the 
same place. The array of light modulators, called a page 
composer, impresses on the beam the information to be 
stored; it’s essentially a transducer which converts input 
data in the form of electrical signals to spatial variations 


Electronics/February 14, 1972 


INPUT DATA LENS SYSTEM 


SIGNAL 
BEAM 


HOLOGRAM 
ARRAY 


READOUT 


BEAM 
eo 


OUTPUT 
VIEWING 
SCREEN 


(b) READOUT ARRANGEMENT 


HOLOGRAM 
ARRAY 


of intensity or phase of the object light beam. 

At the selected page location, the reference and ob- 
ject beams form an interference pattern to produce a 
hologram of the page of information. The hologram is 
essentially redundant (because light from each modu- 
lator position in the page composer covers the entire 
hologram area), so that the storage medium need not be 
free from random imperfections, as it has to be if the in- 
formation is stored as a small direct image. 

To read a selected page of the storage medium, only 
the reference beam is used. When it illuminates the 
hologram, a real image is produced in the plane of the 
page composer. There an array of photodetectors, with 
spatial dimensions identical to those of the page com- 
poser, converts the information in the image into elec- 
trical signals. These signals, in turn, set the states of 
transistor flip-flops, one of which is linked with each 
photodetector. When this integrated array is provided 
with appropriate addressing circuitry, it can function as 
the operating memory in the system. 

The five functional components of the optical 
memory are therefore: the laser, the beam deflector, the 
page composer, the storage medium, and the detector. 
The external operating memory interfaces with the page 
composer and the photodetector. 


Storage medium 


The storage medium is the heart of this system, and 
although there are several possible candidates, one ap- 
proach that in principle could satisfy all the require- 
ments is the thin magnetic film of manganese bismuth. 

Holograms can be written on MnBi films by Curie- 
point writing: light incident on the film is absorbed, 
raising the local temperature over the Curie point and 
causing the film in that region to become paramagnetic. 
After the light is removed, that region of the film cools 
and regains its ferromagnetic state, but with the direc- 
tion of magnetization reversed. 

In the case of holography a roughly periodic light in- 
tensity is incident, and a corresponding periodic magne- 
tization pattern results. To preserve the fine detail of the 
periodic pattern, the light pulse must last only a short 
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time. To attain the Curie temperature of the film, the 
light intensity must be high. Typically, pulse durations 
of 20 nanoseconds with peak intensities of 10 kilowatts 
of light are required for an area of | mm?. However, it 
must be pointed out that a laser output power of ap- 
proximately 100 kw is necessary to produce this power 
at the MnBi surface because of losses in the deflector, 
page composer, and various optical components such as 
lenses, mirrors, etc. 

Because of the high power required, Curie-point writ- 
ing has not been practical with the present commer- 
cially available lasers. The only exception is a Q- 
switched ruby laser, but its repetition rate is much too 
low to be practical in a memory. However, recent devel- 
opments in Nd:YAG lasers indicate that a laser with 
both the desired peak power and the desired pulse rate 
could be feasible. Of even greater interest is the so- 
called “doubled” YAG laser which has an output in the 
green (5,300 angstroms). Since the information packing 
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5. Recording. Radiation Inc., an Ann Arbor, Mich., subsidiary ot 
Harris-Intertype, is one of the earliest installations to build complex 
holographic memories. In one of Radiation’s recording arrange- 
ments, information from a 35-mm film is made into a hologram 


density which can be achieved varies inversely as the 
square of the light wavelength, the doubled YAG is the 
optimum choice for a memory using MnBi as the stor- 
age medium. 


Instant holography 


RCA is one company heavily involved in developing 
mass storage systems for archival memories. RCA re- 
searchers very recently developed a material on which 
they are able to develop a holographic image immedi- 
ately, without waiting until the chemical processing re- 
quired for conventional holographic recording film is 
over. Recording on thin films of arsenic trisulfide, this 
real-time hologram technique now puts optical record- 
ing in a “whole new light,” quips William Webster, vice 
president of RCA Laboratories in Princeton. 

“Although they are simpler to make and easier to 
control,” says Webster, “the new holograms offer all the 
basic advantages that holograms made with photo- 
graphic film do. They are scratch- and dust-resistant, 


66 


and can store up to 10,000 bits of information in a 
square millimeter. Furthermore, because they require 
no chemical processing, they need not be moved after 
exposure and thus are perfectly positioned for the suc- 
cessive observations required in nondestructive indus- 
trial testing.” 


Low-powered 


With the new RCA technique, the holograms are 
made, or exposed, with a low-powered green laser beam 
(argon) while their images are simultaneously being 
projected and read out by an even lower-powered red 
laser beam (helium-neon). 

Figure 9 is a laboratory demonstration of the prin- 
ciple involved. Since the red beam does not affect the 
exposure, the holographer can watch the image de- 
velop, and turn off the green laser when the image 
reaches the intensity he wants. Alternatively, he can use 
a light sensitive detector to end the exposure automat- 
ically when the image reaches a predetermined bright- 
ness. After the green beam is turned off, the hologram is 
completely developed and now represents a record that 
is permanent and ready to use. 

Another option open with arsenic trisulfide films is 
the use of the green beam for both writing and readout. 
Once the desired exposure has been achieved, the ho- 
lographer merely reduces the intensity of the beam so 
that there will be no further change in the film. The 
light is still bright enough for the hologram to be read 
easily. 

“Key to the development,” says Scott Keneman, who 
developed the technique under the direction of Jan A. 
Rajchman, staff vice president, information sciences, “‘is 
the use of a thin film of arsenic trisulfide as the hologra- 
phic recording medium. Such a film is easily evaporated 
onto a glass plate with standard techniques, and pro- 
vides a diffraction efficiency that conventional photo- 
graphic film holograms can equal only through the use 
of special processing techniques, such as bleaching.” 

In operation, the arsenic trisulfide film is exposed in 
conventional holographic fashion, recording the optical 
interference pattern created by the interference of an 
object beam and a reference beam. As it strikes the thin 
film, the interference pattern of green light causes the 
absorption edge of the arsenic trisulfide to shift per- 
ceptibly. The amount of shift, which is also accom- 
panied by a change in the index of refraction of the ma- 
terial, varies with the varying intensities of light in the 
interference pattern. 

The end result is that the index of refraction of the ar- 
senic trisulfide film is changed to represent the original 
interference pattern, and a holographic image is sub- 
sequently projected whenever a proper laser beam goes 
through the film. 

Although still in the early laboratory stages, already 
efficiencies of several per cent can be obtained in a 
square-millimeter hologram stored with approximately 
15 mw of laser power in 10 seconds. Significantly, this 
technique offers very high resolution. Holograms with a 
resolution of 2,860 lines/mm have been recorded in 
film 2 4m thick, with no signs that the resolution limits 
of the arsenic sulfide have been approached. And most 
important, RCA is investigating the possibility of devel- 
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6. Man and machine. |!n human-readable /machine-readable 
memory from Harris, a hologram is generated and stored as shown 


oping techniques that would permit the erasure and re- 
writing of the holograms so that they could be used for 
read/write as well as for read-only memories. 


Displays 


Since hologram displays are practically three-dimen- 
sional, the prospect of 3-d viewing of objects—land con- 
tours, design tools, mechanical surfaces—intrigues 
equipment manufacturers. But conventional holo- 
graphic recording and reconstruction is not real-time; it 
requires a real image in the reconstruction process, and 
is not suited to dynamic displays. 

Bendix, however, has recently developed a concept 
for a truly dynamic 3-d display system, and has demon- 
strated the feasibility of its underlying physical prin- 
ciples. The system is based upon holographic principles, 
which can accept data in coordinate form and synthe- 
size a three-dimensional display in real time. 

Its use in topography and map making alone would 
make a real-time 3-d display an exciting prospect. In 
fact, the possibility of a true three-dimensional display 
that could be updated in real time has always been the 
dream of military display designers ever since it became 
evident what cathode-ray tubes could accomplish in two 
dimensions. But an even more important application 
would be as an industrial design tool, where the contour 
of a surface, say, the fender of an automobile, could be 
generated and displayed and changed and regenerated 
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7. Machine reader. For its HRMR development memory, Harris has 
developed a scan technique in which a laser records a Fourier trans- 
form as an analog hologram 3.2 mm long in a track 10 um wide. The 
data is read when a laser is focused onto the hologram 
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and redisplayed, the holographic 3-d display concept 
has considerable potential. 

In the Bendix system, the code used is the Fourier 
transform—mentioned earlier—of the object imagery in 
the hologram plane. It facilitates reconstruction because 
it involves an inverse transformation easily accom- 
plished by proper illumination of the hologram. 

However, to perform the Fourier transform for even 
simple surfaces in real time, enormous computational 
capacity would be required. A large-scale computer 
would have to be programed to generate such a holo- 
gram, display the computed two-dimensional pattern 
on a CRT, expose a transparency, and then achieve a re- 
constructed image. 


Sound principle 


Fortunately, such a requirement has been eliminated 
by the development of acousto-optical deflectors, which 
control the laser beam used for reconstruction. The idea 
is this: the acousto-optical deflector, on a signal from 
the contour detector, deflects the laser beam through an 
angle determined by the frequency at which the acous- 
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8. Reading and writing. Under development are read/write 
holographic memories that have storage systems comprising laser, 
beam deflector, page composer, storage medium and detector. The 
operating memory interfaces page composer and CPU. 


tic transducer is driven, and which has a random access 
time of the order of microseconds. With two such trans- 
ducers, the rapid scan of a laser beam in two dimen- 
sions is possible, and early models of these devices have 
achieved excellent television type X-Y displays at nor- 
mal frame rates. Five hundred spot resolution, using the 
Rayleigh criterion, is currently realizable in a beam de- 
flector. And it is from this real-time 2-d display that the 
3-d holographic display is generated. 

The details are shown in the diagram in Fig. 10, and 
a photograph of the setup is given in Fig. 11. The first 
step is to form the hologram. The laser beam is passed 
through an intensity modulator A and then split at B 
into two beams. The first beam is deflected to a position 
X’, Y° on a diffusing surface G; by beam deflectors D,; 
and De. The second | (reference) beam is deflected to po- 
sition Z on diffusing surface Gy by deflectors Do and 
Ds. The holographic recording medium R is illuminated 
by the two point sources in a succession of steps: the in- 
tensity and position at each step is controlled by com- 
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mand computer C, which also performs the required 
coordinate transformations and corrections. 

The second step in the process is to advance the 
recording medium one frame after developing, and to 
illuminate the hologram off axis by means of an aux- 
iliary laser. Then the virtual image can be viewed by the 
observer as shown. 


Plain and simple 


In this display, the recording medium can be a fast, 
self-developing photographic film. The film strip is ad- 
vanced from the recording to the display position frame 
by frame, as in a motion picture projector. An update 
time of | to 10 seconds and a lag time of 10 seconds ap- 
pear reasonable. 

The components of a feasibility demonstration sys- 
tem of this type are presently being assembled at 
Bendix. The number of image elements resolvable will 
be approximately (300)? or 27 x 10%. For a 2-second to- 
tal exposure interval, an access time of only approxi- 
mately 10 microseconds per point and an exposure time 
of only approximately 10 microseconds per point (all 
well within the state of the art), 10° separate points can 
be displayed. With some increase in computer complex- 
ity, continuous lines could also be generated where use- 
ful, without lengthening the updating interval. 


Monolithic displays 


The most advanced large element arrays under devel- 
opment today are the solid state displays built on 
monolithic gallium phosphide substrates and with al- 
phanumeric elements that are matrix-addressable. Gen- 
eral Electric in Schenectady, N.Y., has been one of the 
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9. Real time. In a technique developed by RCA, a hologram can be developed instantaneously. A green laser is used to expose the holo- 


outstanding pioneers of this type of display. 

The advantages of this approach are many. GaP is 
presently the most efficient light-emitting material that 
can be easily fabricated. The display can be small, yet 
contain many light-emitting elements. Matrix-address- 
ing cuts the number of interconnections and external 
wires to a minimum. 

For large displays some form of matrix addressing 
will probably be essential. As its size increases, an al- 
phanumeric array in which the elements are individ- 
ually addressed quickly becomes undesirable because it 
requires such a large number of external leads—a dis- 
play panel of N elements will require (N +1) external 
leads. Matrix-addressing reduces this number, cutting 
it, for example, in a5 X 7 array from 36 to 12. A 200- 
character display, utilizing 7,000 light-emitting ele- 
ments, can be made with 170 external leads with matrix 
addressing, instead of the 7,001 leads required for indi- 
vidually addressed devices. 

Matrix addressing of individual diodes can be ob- 
tained in a hybrid assembly. But fabrication of such a 
5 x 7 array would require 35 die bonds and 35 wire 
bonds, so that though the external lead complexity is re- 
duced, the number of interconnections on the array in- 
creases. The potential unreliability of each inter- 
connection makes the approach impractical for the 
larger display systems. 

A refinement of the hybrid approach is a beam- 
leaded structure, in which the elements are linked by 
the beam leads. Though such structures have been de- 
scribed for both gallium arsenide and gallium phos- 
phide, they are fragile and cannot be built to any size. 

GE feels that the most promising approach is a 
planar, monolithic matrix-addressable display. Planar 
monolithic structures are single semiconductor pieces 
with surface smoothness on the order of the thickness of 


gram, while a red beam is used to read it out. In the setup here, the operator turns off the green beam when he has right exposure. 


68 


Electronics/February 14, 1972 


INPUT DATA 


VIRTUAL 
IMAGE 


10. Three dimensions. Bendix’ dynamic 3-d display system uses 
holographic methods to accept data in coordinate form and synthe- 
size a display in real time. A computer (c) controls the intensity and 
position of the light and performs transformations and corrections 


the metalizations and passivations, typically no more 
than 0.001 in. These monolithic devices typically have a 
thickness greater than 0.004 in., and are characterized 
by their ruggedness and the ease with which they may 
be handled. 

A substrate of GaP in a (1-1-1) orientation is either 
grown by vapor epitaxy, or else cut from an undoped 


ingot. By means of pyrolytic decomposition, a layer of 


S102, about 2,500 angstroms thick, is deposited on one 
face of substrate, and then a stripe pattern is etched 


through the SiO» film. Stripes of n-type GaP are grown 
on the unmasked surface of the substrate, after which 
the surface of the substrate is lapped lightly, leaving 
parallel n-stripes about 4 mils deep. After the top sur- 
face has been recoated with SiO», and patterned with 
stripes running orthogonally to the n-stripes, stripes of 
p-type GaP are grown. Zinc and gallium oxide are used 
as dopants here, so the resulting diodes, which are 
formed at every intersection of a p-stripe and an 
n-stripe, will emit red light. 

The resulting structure has electrically isolated n-type 
stripes buried in an insulating GaP substrate, with an 
orthogonal overlay of p-type stripes which are also elec- 
trically isolated from each other. 

Next, a 2,000-angstrom layer of gold-zine is evapo- 
rated over the structure, followed by an electroplated 
nickel layer about half as thick. These layers are then 
alloyed into the GaP to provide electrical conduction 
paths for the p-stripes and to serve as absorbers for un- 
wanted light. Aqua regia is used to etch 10-mil holes 
through the metalization over each p-n junction, pro- 
viding windows for light emission. 

Individual 5 X 7 arrays are cut from these wafers and 
mounted, n-stripes down, on a metalized, prepatterned 
alumina substrate. Ohmic contact to the n-stripes is 
made by alloying to gold-tin stripes included in the met- 
alization pattern on the alumina. Wire bonds from 
bonding pads to each p-stripe complete the mounting of 
the array. 


Good qualities 


Completed, a 5 X 7 element device measures about 
0.14 x 0.10 in., about twice the size of typical newstype. 
A single array, bonded and wired to an alumina sub- 
strate, is mounted with one die bond and five wire 
bonds for a total of six interconnections. Variations of 


- 
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11. Beaming. Bendix’ laboratory setup for its quasi-real-time holographic display puts the concept of the real-time holograph through its 


paces. The setup serves as the basis for the assembly of the components for a feasibility demonstration system with 2-second exposures 
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12. Messenger service. RCA Laboratories’ cathodochromic stor- 
age tube can store and display images of very high quality, as this 
test pattern shows. Tube is designed for terminal displays. 


this design require only one interconnection. This is to 
be contrasted with the 35 die bonds and 35 wire bonds 
of the comparable hybrid array. 

The planar monolithic array has another feature to 
distinguish it from hybrid arrays. In addition to radi- 
ation from the 10-mil windows in the p-stripes, an ele- 
ment edge emission occurs at the edges of the p-stripes. 
This gives the appearance of a continuous line when ad- 
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jacent diodes are operating, and is preferable to a line 
formed from discrete dots of light. At the same time, the 
array provides enough optical isolation between ele- 
ments to allow clear, unambiguous presentation of any 
character. 

In a simple matrix-addressable array, the light-emit- 
ting elements are operated on a time-shared basis. Each 
diode is therefore operated in a pulsed mode. In the 
case of red-emitting GaP, saturation of the radiative 
centers sets in at ‘rather modest currents, so that for the 
higher currents the light output becomes less than linear 
with current. This makes pulsed mode operation far 
from ideal for red-emitting GaP, yet high device effi- 
ciencies are very important. Nevertheless, even at the 
low duty cycle of one eighth, and at an average current 
of 1 mA, average brightnesses up to 60 foot-lamberts 
have been demonstrated. And significantly, the problem 
of light output sublinear with current will not exist in 
green-emitting GaP. 

There is a broad spectrum of applications for elec- 
tronic alphanumeric display devices, ranging from 
small displays measuring less than 6 inches on a side, 
through medium-size displays up to 2 feet on a side, to 
large displays covering a whole wall. The required in- 
formation density may vary from several bits per inch 
to a few hundred bits per inch. 

To date, the cathode ray tube is dominant for small 
and medium-sized information displays, though it is en- 
countering competition from several newer tech- 
nologies. For medium-sized, high-bit-density display 
devices, gas plasma panels may become an alternative, 
although cathode ray tube will probably remain the 
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13. Companion. Along with the tube, RCA has developed a decoder system to transmit the image over standard telephone lines, from a 
central storage bank to remote tube terminals. The reference decoder shown here has actually been used by RCA over telephone lines. 
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preferred display system for some time. Medium-sized, 
low-bit-density displays can be served well by liquid 
crystals. For small displays with low information den- 
sities (up to 25 bits per inch), hybrid arrays of light- 
emitting diodes have been successfully used. 

Small desktop display systems that have a high bit 
density are well suited to monolithic light-emitting 
diode arrays. For these small systems with up to | 000 
characters. this monolithic matrix-addressable display 
device approach and its future modifications and vari- 
ations can be a viable solution to the information dis- 
play problem. 


The storage tube of the future 


RCA, recognizing the growing interest in information 
distribution systems, is in the process of designing a 
novel graphics display terminal around a recently de- 
veloped cathodochromic tube that both stores and dis- 
plays images. This type of display with storage would be 
particularly useful where a central data bank services 
many remote terminals, distributing weather map fac- 
similes, engineering drawings, texts, catalogs, etc. 

Clearly, a practical information distribution system 
must combine low cost with efficient graphics trans- 
mission. Since their cost is largely determined by the de- 
vices employed for image storage and display, it is de- 
sirable to combine the storage and display functions in 
a single device, and this is a key feature of the RCA tube. 

In cathodochromic tubes, information is stored by a 
reversible electron-beam-induced coloration of the CRT 
screen material. Since storage is the result of bulk mate- 
rial properties, the tubes are simple and inexpensive. 
Their address and erase times are longer, but their im- 
age retention capabilities are better, than those of stor- 
age devices based on surface-charging effects. For this 
reason, they are well suited for applications where 
quasi-hard-copy displays are desired. 

The RCA tubes have essentially infinite storage time 
and the displayed image is flicker free. The image qual- 
ity that is exhibited by these developmental tubes is bet- 
ter than that achieved by any other known frame stor- 
age device. 


In construction, the storage display screen consists of 


a thin sheet of mica, a transparent resistive heater, and 
the settled cathodochromic powder. The heater serves 
both as the ultor and as the means of thermally erasing 
the stored image. With this setup, at 25-kilovolt ultor 
voltage, 4:1 contrast ratio of the stored image is 
achieved with a 130 microcoulombs/in.*, elec- 
tron beam exposure, while a 10:1 contrast ratio is 
achieved with 500 microcoulombs/in.? Most important, 
erasure times of less than 2 seconds have been demon- 
strated. An example of an image stored on a tube is 
given in Fig. 12. 

Since these storage tubes will be used as terminals for 
a remote central data bank, data most probably will be 
transmitted over standard telephone lines. Therefore, it 
is necessary to employ reference encoding and an ef- 
ficient graphics data compression technique to reduce 
transmission time. In addition, inexpensive decoding 
hardware is a must in information distribution systems 
where low terminal cost is essential. 

Along with their storage tube, the RCA researchers 
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14. Charge. Information such as maps, photographs, catalog pages 
and stock lists, could all be handled with the RCA storage tube. Data 
is transmitted at 1,200 baud in an asynchronous character format. 


have developed a simple reference decoder, using a 
single 1,000-bit static MOS shift register, both to store 
the previous line for use in reference entry decoding, 
and to accumulate the current scan line as it is decoded. 
At the start of a new line the scan line register holds the 
previous line. Code words are received serially, and are 
accumulated in an input interface. When an 8-bit seg- 
ment is ready, the timing cycle is initiated and a code 
word is recognized as either a reference or a run length. 

If it is a reference code word, the scan line register 
shifts until a transition is detected at the output. A tran- 
sition is then entered through the appropriate access 
register stage. 

Run length code word entries are set into the run 
length counter. The scan line register is then shifted un- 
til this counter counts down to zero, and a transition is 
entered if the code word represents a terminated run 
length entry. 

As the new line is decoded, it is shifted into the scan 
line register, displacing that portion of the previous line 
which is no longer needed. When the present line has 
been fully decoded, the scan line register is recirculated 
once at a constant rate for output to the cathodochromic 
tube. The recirculation is completed before the next 8 
bits of encoded data are available. 

RCA has operated an experimental terminal to receive 
encoded image data over voice grade telephone lines 
from a time-shared RCA Spectra 70/45 computer. Fig- 
ure 14 shows samples of the data accessed and stored. 
Data is transmitted at 1,200 baud in an asynchronous 
character format (two framing plus eight information 
bits/character). The display tube is addressed on a line- 
by-line basis: as each scan line is reconstructed by the 
decoder it is outputted to the CRT. Scan lines composed 
of 1,000 elements are written in 40 milliseconds. The re- 
sulting dot writing time of 40 microseconds is sufficient 
to produce contrast ratios approaching 10:1. Oo 


This is the third of a three-part series on optoelectronics. Reprints of the entire series are 
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Another $19 DAC? But, don’t put us down until 
you ’ve tried it. 

Competition gives you exactly what you pay for...a $19 
circuit...no more, no less. Ours is based on Philbrick’s famous 
4006/4007 digital to analog converters selling originally for $70 to $75. 

Combined thick-film and re-flow techniques have 
endowed our 4020/4021 8-bit model with higher performance than 
you'll get from any competitive unit. Things like — linearity of 
+1/2 LSB with a settling time of 25 wsec and temperature coeffi- 
cient of 40 ppm/°C. 

Match this with any other $19 DAC and you’ll know 
why we say it’s a bit ahead of theirs. 

Looking for a 10-bit model? 

Then compare our 4022/4023 $29 version with any- 
body’s. We welcome the comparison. Evaluation samples are yours 
for the asking. While you’re asking, request our new 1972 
Product Guide. 

Ask your local Philbrick representative or write, 
Teledyne Philbrick, Allied Drive at Route 128, Dedham, 
Massachusetts 02026. For toll-free ready data dial (800) 225-7883. 
In Mass., (617) 329-1600. 


Philbrick Data Converters. 
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Doubling op amp 
summing power 


Design equations make calculations for non-inverting amplifier input 
as simple as those for inverting input so that amplifier efficiency 
is maximized when several signals are summed at the same time 


by Raymond G. Kostanty, Bendix Corp., Navigation and Control division, Los Angeles, Calif 


(J Summation of multiple signals is a useful circuit 
technique whenever more than one signal must be am- 
plified or attenuated with a single amplifier—for ex- 
ample, in instruments or avionics equipment. And the 
versatile operational amplifier makes it possible to sum 
simultaneously on both its inverting and non-inverting 
inputs. 

Unfortunately, designers frequently utilize only the 
inverting input because calculations for the non-invert- 
ing input are usually tedious. A common practice is to 
use the inverting input of another amplifier, rather than 
going through the mathematics for the non-inverting in- 
put of a single stage. 

A new set of equations simplifies summation circuit 
design by making the resistors for one input as easy to 
calculate as the resistors for the other. Thus, a single op 
amp may perform as well as two that use only the in- 
verting input. 

Relationships between signal gain, input and feed- 
back resistors, and input and output voltages are un- 
complicated for the inverting input, and each can be 
handled separately. But previously, the non-inverting 
input required the solution of simultaneous equations— 
one equation for each applied input. Although these 
equations were only first-order functions, their solution 
could become cumbersome for three or more inputs. 

The new equations use up to two grounded resistors— 
one for each side of the amplifier—to control available 
amplifier gain. This technique permits all signal gains 
and all input resistors to be calculated without simulta- 
neous equations and with only simple arithmetic. 


Circuit functions are elementary 


A few basic assumptions are necessary to minimize 
equation complexity. The amplifier, for example, is as- 
sumed to have infinite gain, infinite input resistance, 
and zero output resistance. Moreover, each of the am- 
plifier’s inputs is considered to be directly coupled from 
a low-impedance source resistance. 

The equations set the de resistance from the ampli- 
fier’s inverting input to ground equal to the dc resist- 
ance from its non-inverting input to ground. This min- 
imizes output null shift with changing temperature. 

Output/input relationships for the fundamental am- 
plifier configuration of Fig. | are easily defined. Let E, 
be output voltage, E; an input voltage at the inverting 
terminal, and Ex an input voltage at the non-inverting 
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terminal. For the inverting amplifier input: 

E,/En = Kit. E,/Er2 == Ky. and E,/Ew = Kin 
where K,; represents the desired gain of the signal ap- 
plied to the inverting input, and subscripts | through N 
designate signal number. For the non-inverting input: 

E,/En1 = Ky. E./ Ene = Kyo, and E,/Exn = Kywn 
where Ky is the desired signal gain through the non-in- 
verting input. Once a convenient value for feedback re- 
sistor Rg is selected, the input resistors can be found: 

Rn = Re/Kn. Rig = Re/Kp, and Rin = Re/Kyy (1) 

Rui i Rp/ Ky}. Ryo = Rp/Kyo, and Ryw = 

Rr/Kyyn (2) 
The values of resistors Rs and Ry depend on the rela- 
tionship of the sum of the inverting gains to the sum of 
the non-inverting gains. 
Let: YKw = Kn + Ke + .. + Ki 
and: SKyw — Ky + Kyo He aes Ste Kxyn 
If: 1 + =Kyn is greater than or equal to SKyy (3) 
then: Rs =© 


1. Double summation. Finding resistor values when signals are 
summed at both inverting (1) and non-inverting (N) inputs of op amp 
can be reduced to elementary calculations. Up to N inputs to either 
terminal can be accommodated. Simple equations relate input and 
output voltages to signal gain. Input resistor values depend on Rr 
and signal gain: Rix = Re/Kix, and Rx~ = Re/Kyy. Resistors Rg 
and Rx, are determined after comparing gain summations. 
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and: Ra = Re/(1+ Kin - YKyn) (4) 
If: 1 + Kyw is less than SKyy (5) 
then: Rg — Rpr/(K’ = YKy) (6) 
and: Ry = Rpe/(1+K’ = XKxyy) (7) 
where: K’ = Rp/Rs AG YKw (8) 


If Eq. 5 rather than Eq. 3 is satisfied, a minimum value 
is arbitrarily assigned to K’, which represents the sum of 
the inverting gains: 


K’ must be greater than or equal to 2Kyyn - | (9) 


Utilizing the results 


Using these equations is not difficult and can be illus- 
trated by a few examples. Suppose that an amplifier 
must be designed for Ky, = 1. Kg = 2, Ky; = 0.5, and 
Kye = 2: all other inputs are zero. First, a convenient 
value must be chosen for Rp. (It should be noted that 
the overall resistance level of the final circuit is pro- 
portional to Rp, and that amplifier offset current limits 
the maximum value of Rp.) Selecting an arbitrary Rp of 
50 kilohms allows values of the input resistors to be 
found with Egs. | and 2: 

Ri, = 50k/1 = 50 kilohms 

Ryg = 50k/2 = 25 kilohms 

Ry; = 50k/0.5 = 100 kilohms 

Rye = 50k/2 = 25 kilohms 


Since [Kix = 3and=Kyyx = 2.5, Eq. 3 is satisfied: 
| + 3s greater than or equal to 2.5 

so that: 
Rs = 0 


and from Eq. 4: 

Ry, = 33.3 kilohms 
The final design is illustrated in Fig. 2(a). If signal con- 
ditions remain the same, but another input. Ky3 = 3, is 
added, input resistor values do not change, and: 

Rig = 50k/3 = 16.7 kilohms 
Because Eq. 3 is still satisfied, Rs = © but: 

Ry, = 11.1 kilohms 


Figure 2(b) shows this completed design. 

If a non-inverting, rather than inverting, input is 
added to the first amplifier example, resistor values, 
when Rg is 50 kilohms, are unchanged for Ri, Rie, Rn1. 
and Ry». For the new input, Ky3 = 3: 

Ry3 = 50k/3 = 16.7 kilohms 
Equation 3 is no longer satisfied, since ©Kjy = 3 and 
XKyw = 5.5, but Eq. 18% 

1 + 3isless than 5.5 
Now, the minimum value of K’ is found from Eq. 9: 

K’ is greater than or equal to 5.5 - | = 4.5 
Using this value for K’, Rs and Ra can be computed 
with Eqs. 6 and 7, respectively: 

Rs = 33.3 kilohms 

Ry = © 

The finished circuit is shown in Fig 2(c). If some of 
the non-inverting gains are expected to increase or some 
of the inverting gains to decrease, a larger value for K’, 
such as 8, would be more appropriate. Resistors Rs and 
Ry then become Rs = 10 kilohms and Ra = 
14.3 kilohms, as indicated in Fig. 2(d). 


Modified designs 


Given an existing circuit, it is possible to modify it 
with the design equations. Suppose non-inverting gain 
must be increased by 20% for the amplifier of Fig. 3(a), 
in which Re = 50 kilohms, Ry, = 25 kilohms, Ry2 = 50 
kilohms. Ry; = 10 kilohms, Rg = 16.7 kilohms, and 
Ry = 25 kilohms. Existing signal gains must be deter- 
mined first. using Eqs. | and 2: 

Ky, = 50k/25k = 2 

Ky. = S0k/50k = | 

Kyi = 50k/10k = 5 
Next. find K’ for =Kyjyx = 3. From Eq. 8: 

K’ = 50k/16.7k + 3 = 6 
For the modified circuit. Kx; must be 20% higher, or: 

Kx; = 5(1.2) = 6 


100 kQ 


2. Amplifier examples. When another inverting input is added to amplifier (a), as in (b), values of existing input resistors are not affected, 


but Ra changes value. If non-inverting input is added instead, as in (c) 


_ Rg becomes necessary and Ry, Is eliminated. Amplifier (d) is final de- 


sign for modified version of (c) that can handle increased non-inverting gains or decreased inverting gains 
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3. Making changes. New design equations are also useful for mod- 
ifying existing circuits. When non-inverting gain of amplifier (a) is in- 
creased by 20%, from 5 to 6, resistors to inverting input are unaf- 
fected. As shown in (b), only Rx; and R, must be changed 


Checking the minimum value for K’ with Eq. 9: 

K’ = 6is greater than or equal to6 - | 
Since the inequality holds, K’ = 6 is satisfactory. 
The value of Rs does not change because K’ and the in- 
verting signal gains remain the same, but: 

Ry = 50k/6 = 8.33 kilohms 
and from Eq. 7: 

Ra = 50k/(1+6 — 6) = 50 kilohms 

The modified amplifier circuit is drawn in Fig. 3(b). 
Instead of just a 20% increase, suppose Ky; is doubled 
in value to 10. Since the minimum K’ now changes: 

K’ is greater than or equal to 10 - | =9 
Select K’ = 10, then: 

Ry, = 50k/10 = 5 kilohms 

Rs = S0k/(10 - 3) = 7.13 kilohms 

Ra = S50k/(11 - 10) = 50 kilohms 

All the design equations developed assume that the 
impedance of a source resistance is low and can effec- 


tively be neglected. However, this is not always true. If 


source resistances are some constant known values, the 
equations are easily modified. Simply subtract a given 
source resistance from the appropriate calculated input 
resistor. For example, if Rp is 50 kilohms, Ky, is 2, and 
the source resistance driving Ej; is 2 kilohms, then: 

Ry = 25k - 2k = 23 kilohms 


Ac considerations 


Amplifier inputs can also be capacitively coupled. 
The generalized amplifier configuration of Fig. 4 shows 


both ac and de circuit elements and parameters. (Of 


course, subscript AC denotes an ac element or signal. 
while subscript DC is for a de element or signal.) 

Although the equations used thus far involve only de 
quantities, ac signal analysis parallels the de. Ac out- 
put/input relationships, for instance. are the same as 
those for a de signal: 
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Kocin = 
Epcin 
Koci2 
Epci2 


Kocn 
Epen 


Eacin —Kacin 4 
K 

Eaci2 Fa PARE. 

Eacn ——““+ 


b Kacni 
ACh ————_ 1 
Kacn2 
Eacna + 
E Kacnn 
acnN———— 


Kocn1 


Epcen1 


E Kocna2 
DCN2 


E Kocnn 
DCNN 


4. Generalized amplifier. For complete design analysis, both ac 
(AC) and de (DC) elements and signals must be taken into account. 
Dc relationships are simply those developed for amplifier of Fig. 1. 
And ac solutions for signal gain and input resistors are identical, but 
involve ac quantities. Since computing Rsac and Raac requires both 
ac and dc parameters, dc solution should always be found first. 


Eo/Eacin ae Kaci and E,/Eacnn = Kacnn 
And input resistor computations are also equivalent: 
Racin = Rr/Kacry and Racyn = Re/Kacnn 
The values for resistors Rgsac and Raac. however, de- 
pend on both ac and de signal conditions. 


If: 1 + SKpcrw + Kaci is greater than or 
equal to Kpexnn + YKacxn 

then: Rsac = © 

and: (RapcRaac)/(Rape +R aac) = Rr/ 


(1+ =Kpciw += Kacrn - 
=Kpenn - =Kacnn) 
If: 1 + SKpcw + Kaci is less than 
YKpexn + =Kacxn 


then: (RsacRspe)/(Rsac +R spc) = Re/ 
(K’ac — 2Kpciww - =Kacry) 
and: (RaacRapc)/(Raac+Rapc) = Rr/ 


[1 + K’ac - (2Kpc nn +2Kacwnn)] 
where: K’xc = Rpe/Rspc + =Kpcw + 
Rp/Rsac + =Kacix 
And the minimum value for K’,c becomes: 
K’ac is greater than or equal to 
=Kpenn + =Kacyn - | 
When using these equations to analyze a circuit, the de 
properties must be calculated before tackling any ac 
problems. Of course, the de input resistors and Rspc 
and Rape are computed with Eqs. | through 9. 

A few practical circuit considerations should also be 
remembered. Signal frequencies applied to capacitive 
inputs should be at least 100 times greater than the 
maximum frequency on the direct inputs so that capaci- 
tors C; and Cy can properly isolate frequency bands. 
And time constants CyRgac and CoRaac, as well as the 
time constant formed by each input capacitor with its 
input resistor, should be about 0.1/6.28f,. seconds, 
where f,,. is the lowest frequency on any of the capaci- 
tive inputs. Oo 
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Introducing “touch & see’’swept impedance 


measurement. 


Now the“do-everything” RF test system 


does even more. 


Just add our new impedance probe 
to the HP 8407A Network Analyzer, and 
you can measure complex impedance of 


circuits, coax systems, discrete components. 


View impedance excursions over the wide 
range from 0.10 to 10KQ as you sweep 
between 500 kHz and 110 MHz. 

The HP 8407A Network Analyzer 
itself makes comprehensive swept RF 
measurements quickly, and with high 
accuracy. You see important characteristics 
like gain/loss, phase shift, voltage and 
current transfer functions, group delay, 
impedance, return loss and S-parameters. 
Dynamic range is greater than 100 dB, yet 
you can resolve 0.05 dB. It has 360° phase 
range with 0.2° resolution. 


Circle 76 on reader service card 


The 8407A Network Analyzer with 
the 8412A Phase-Magnitude Display costs 
$4650. The new impedance probe (Model 
11655A) costs $750. Other accessory 
kits for circuit probing and for general 
measurements in coaxial systems are also 
available, priced from $325 to $500. 

To learn more about how our 
“do-everything” network analyzer can 
help you in design and production test 
applications, call your field engineer or 
write Hewlett-Packard, Palo Alto, 
California 94304; Europe: 1217 Meyrin- 
Geneva, Switzerland. 
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Stable square-wave generator 
provides broad bandwidth 


by William Standke 


Honeywell Inc., Corporate Research Center, Hopkins, Minn. 


A high-speed analog comparator and a linear current 
source are the key elements in a stable square-wave 
generator that can oscillate from a few hertz up to sev- 
eral megahertz. The generator circumvents two com- 
mon sources of stability error—a nonlinear capacitor- 
charging current and limited op amp bandwidth. 
Current source Q, linearly charges capacitor C; until 
capacitor voltage exceeds the reference zener voltage on 
one of the comparator inputs. The normally high output 
of the NAND gate then goes low, starting the one-shot 
timing cycle. As the output of the one-shot goes high, 
Qs» turns on and sinks the current from Q; so that C; is 
quickly discharged. When the one-shot finishes its tim- 


ing cycle, its output goes low, Q» turns off, and C, be- 
gins to charge for the next cycle. Circuit oscillation pe- 
riod is approximately: 

T = 3.3C,R1/0.7 + one-shot width 

One-shot output pulse width should be as narrow as 
possible for width stability, but wide enough to dis- 
charge fully the timing capacitor. Resistor Ry slows 
down this discharge. Although Re can be eliminated for 
small values of capacitance, it must be included for 
large capacitances to protect Q» from excessive currents. 

The generator’s gate input line allows it to be started 
and stopped with a digital signal. It should be noted 
that the generator always starts in the same phase, and 
its initial cycle has the same period as the subsequent 
ones. If the gating feature is not wanted, the gate line 
should be connected to a positive supply voltage (Vcc). 
In addition, the generator can be used as a voltage-con- 
trolled oscillator by replacing the zener with a control 
voltage or by controlling the base voltage of Q}. 

The silicon transistors and switching diodes selected, 
as well as capacitor Cy, depend on the operating fre- 
quency desired. 


Controlled pulses. Square-wave generator offers stability and wide operating frequency range. C, accepts linear charge from Q, until its 
voltage reaches that of zener. Comparator then switches, starting one-shot and turning on Qs, which discharges C;. When one-shot timing 
cycle is complete, Q. goes off, and C, charges again. Gate input permits generator to be controlled digitally. 
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Two adders form 
BCD subtractor 


by Peter K. Bice 
Hewlett-Packard Co., Microwave Division, Palo Alto, Calif 


Engineers often avoid using  binary-coded-decimal 
(BCD) designs because the arithmetic involved seems to 
be formidable. But BCD arithmetic can be almost as 
simple as binary arithmetic. The circuit shown, for in- 
stance, does BCD parallel subtraction. All that is needed 
for each digit is two four-bit adders and four inverters. 

The first adder does the actual arithmetic, subtracting 
one digit from the other. The second adder converts this 
difference to BCD form and, if necessary, generates a 
“borrow” for a subsequent stage. The CARRY OUT is al- 
ways logic | unless a “borrow” is being generated. The 
last subtractor stage will have a logic | CARRY OUT if 
the difference between the two numbers is positive or if 
the difference is zero. 

The diagram shows one digit of a parallel subtractor. 
The stages can be cascaded, or one stage can service a 
serial shift register. BCD addition, it should be noted, 
cannot be implemented as easily as BCD subtraction 
since more hardware is required. 


TEXAS 
INSTRUMENTS 
$N74042 


CARRY IN 


(LOGIC 1 
FOR FIRST 
STAGE) 


LOGIC1 
3 8 10 


4-BIT ADDER 
6 


1647 11 


BCD OUTPUT 
(Ny — No) 


Digital arithmetic. A couple of four-bit adders and four inverters are 
all of the hardware required to build a BCD parallel subtraction cir- 
cuit. Top adder takes actual difference between input numbers N, 
and Ny. Second adder then forms BCD number of this difference. 
Both ‘‘borrow’’ and CARRY OUT lines are included for use with 
other stages. Subtractors can be cascaded. 


VSWR detector protects 
class C rf amplifiers 


by Frederick A. Warren, Jr. 
Harris-Intertype Corp., Radiation Systems division, Melbourne, Fla 


An inexpensive protection circuit against open-circuit 
damage to class C rf amplifiers senses and detects volt- 
age standing wave ratio with a single-turn transformer. 
In addition, the circuit removes drive from high-power 
stages, has low insertion loss, and suppresses second 
harmonics with a notch filter. 

Any class C rf power amplifier must be operated with 
a load, once supply voltage and an rf signal are applied. 
If the load is removed, a high VSWR is created, and rf 
power is reflected back to the output transistor’s collec- 
tor. The resulting rf voltage swing can exceed the tran- 
sistor’s collector-base breakdown voltage, causing col- 
lector current to increase in an avalanche manner so 
that the base-collector or base-emitter junction opens. 
Risking this destruction is normally unavoidable, unless 
the designer is willing to accept a significant insertion 
loss or pay a high price for protection. 

Figure (a) shows a block diagram of a high-power 
class C vhf amplifier—consisting of transistors Qj. Qe 
and Q:;—externally connected to the protection circuit. 
When the amplifier drives a properly matched load, a 
quiescent rf voltage develops across transformer Ty. 
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This voltage is then rectified by hot-carrier diode Dj, 
producing a negative voltage at the junction of resistors 
R,, Re, and R3. The values of Re and Ry, force transis- 
tors Qy and Q; into saturation, creating a short circuit 
between Q,’s collector and ground that allows Q; to op- 
erate normally, relatively insensitive to load phase. 

If the amplifier load is removed or shorted, a high 
VSWR results, and the rf voltage across T, increases. The 
rectified voltage at the resistor junction then becomes 
more negative and pulls the base voltage of transistor 
Q; down, driving both Q, and Q; into cutoff. Now, Qy’s 
emitter opens, removing. the drive to transistor Q3 and 
therefore shutting off the amplifier. 

For adequate circuit reaction time, the RC; time 
constant should be less than one period of the ampli- 
fier’s operating frequency. Resistor Rg sets the quiescent 
base current of Q;. And the Q4-Q; Darlington pair op- 
erates with only a small drive voltage differential be- 
tween transistor cutoff and saturation regions. 

The protection circuit also offers the advantage of 
second harmonic suppression (the second harmonic of 
an amplifier must be below some maximum power 
level). Because a class C amplifier is usually operated in 
a saturated condition, it often generates high-level har- 
monics that require additional filtering after the output 
stage, thereby creating undesirable insertion loss or 
complexity. But the protection circuit provides an in- 
tegral notch filter whenever its transformer’s secondary 
winding and capacitor Cy are tuned to the second har- 
monic of the amplifier’s fundamental frequency. And 
VSWR detection by the protection circuit suffers only 
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negligible degradation because of the filter. 

Graph (b) depicts the voltage levels at the base of 
transistor Q; when the amplifier output is loaded, 
opened, or shorted. The saturation and cutoff voltages 
shown are those needed for the Darlington circuit. They 
must be less than the loaded voltage but greater than 
the open-circuit and short-circuit voltages. Graph (c), 
which shows amplitude-versus-frequency curves for the 
amplifier with and without the protection circuit, re- 
flects the amount of insertion loss. From 170 to 230 
megahertz, worst-case insertion loss is 0.15 decibel. 
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Load watchdog. Output of class C rf amplifier (a) goes to protection 
circuit that shuts off amplifier when VSWR exceeds safe operating 
limit. Transformer T, performs as VSWR sensing and detection ele- 
ment. Removing or shorting load pulls down Q;'s base voltage, cut- 
ting off Qy-Q; Darlington pair and opening Q,’s emitter to turn off 
amplifier. Plots (b) and (c) illustrate amplifier performance. 
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THE NEW 
MINICOMPUTER 
ANNOUNCEMENT. 


DATA GENERAL 
AGAIN. 


yet. It holds a full 32K of core 
and still has five chassis slots 
left over for peripheral inter- 
faces. It matches the perform- 


Let’s face it. 

Right now, 
the competition in 
minicomputers is 


pretty stiff. ance of the Nova 1200 (1200 ns 
Well, we’ve eycle, 1350 ns add), yet it has 
just made it stiffer. 50% more expansion capacity 
We've just and a lower price. $5,250.* 
come out with the Nova 820. The faster 
strongest new line Nova. Its fully parallel central 
this industry has processor executes arithmetic 
ever seen. ee ‘ +! and logical instructions ina 
Nova 1210, single 800 ns cycle. And with a 
Nova 1220, and Nova 820. full 832K of core, there are still four 
slots left over for peripheral inter- 
THE NEW NOVAS. en 
Nova 1210.The least expensive 
Nova. But to get the price, you don’t ANEW MEMORY. 
have to sacrifice performance. Nova We've also come up with an 8K x 
1210 has a 1200 nanosecond cycle, and 16-bit core memory board for each of 
executes arithmetic and logical the Nova computers. This reduces 
instructions in 1350 nanoseconds — costs two ways. “ 
the same performance as the Nova First, you can 
1200. In its 544-inch high chassis, it buy one 4 
has room for 24K of core, or multiple 8K mem- “ 
peripheral interfaces. Plenty for most ory for a lot 
OEWM’s. $4,350. * less than two 
Nova 1220. The most flexible, 4K memories. 
expandable, easily interfaced Nova Second, 8K of core 


*Price includes central processor, 4K 16-bit words of core memory, programmer’s console, Teletype interface, direct memory 
aecess (DMA) channel, automatic interrupt source identification, and rack-mount slides or table-top enclosure. 
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on asingle board means you can fit 
more memory into a smaller, less 
expensive computer. 


A LOW COST CONSOLE. 


Our new turnkey console. It costs 
less than the standard programmer’s 
console, and it’s less susceptible to 
damage or program alteration in 
severe environments. 

And, needless to say, these new 
computers and options are completely 
compatible with all the other Nova- 

line computers, soft 
ware and peripherals. 
Which brings up 
some important 
points. 


THE SOFTWARE, PERI- 
PHERALS AND SERVICE. 


When you buy a minicomputer, 
you need more than just fancy hard- 
ware specs. 

You need software. The Nova 
computers come with the broadest 
range of software available for any 
line of 16-bit minicomputers. 
Extended ALGOL, Extended FOR- 
TRAN IV, Time Sharing BASIC, Real 
Time Operating System, Disc Oper- 
ating System, and lots more. 

You probably also need peripher- 
als. We offer every type of peripheral 
device commonly used in minicom- 
puter systems. Discs, magnetic tape 
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units, paper tape equipment, card 
readers, line printers, real-time 

clocks, A/D, D/A, and communiea- 
tions equipment. All completely inter- 
faced and supported by us. 

And you need solid support after 
you’ve bought. We’ve got field Service 
engineers in major cities all over the 
U.S., Canada, and Europe, plus a fy]] 
customer training 
program for every 
Nova computer, 


f 4 
A TRIACK RECORD. 


When you buy a minicomputer 
you also need some pretty solid agsyr- 
ance that the people you’re doing 
business with can produce what they 
promise. 

Three years ago, we promised 
we'd build the world’s best minicom- 
puters. Since then we’ve delivered 
over 2,000 Nova-line minicomputers 
to become the world’s number 2 mini- 
computer company. 

Now, with these new Novas, we 
can promise we'll become number 1. 


nes es ee ee ee ee ey 
— — 


FREE READING MATTER. 


What you need most of all when you buy a 
minicomputer is some reliable information, 
Like [j “How to Buy a Minicomputer” and 
_] “The Data General Catalog’’. 

NAME 


| 
| 
| 
l 
| 
| 
| 
| 
; COMPANY___ 
| 
| 
| 
| 
l 
| 
| 


ADDRESS 
CITY 
STATE___ ZIP 


(> DATA GENERAL 


Southboro, Massachusetts 01772, Tel. (617) 485-9100 
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Bipolar techniques approach 
MOs in density, cost, and 
power drain, yet retain speed 


To achieve small size, the number of interconnections and isolation 
areas are reduced—in a memory by integrating functions and in a shift 
register by clever circuit organization and direct collector coupling 


C] Until recently, systems designers had a clear choice between bipolar 
and metal oxide semiconductor technologies—a choice that was decided 
by system performance requirements. For high performance—that is, 
speed—bipolar always won out, if the designer were willing to pay a cost 
premium for the more complex fabrication process and additional inter- 
conuectiohs\necessitated by lower circuit density per chip. 

On the othier hand, MOS speed has been increasing steadily, and, al- 
though still mucip slower than bipolar, MOS now qualifies for many appli- 
cations that felfi earlier to bipolar. Considering its higher density and 
lower cost, MOS has become increasingly attractive. 

But don’t gount out bipolar. For the past couple of years, researchers 
have been. working steadily to increase the density of bipolar arrays and to 
decrease their power dissipation—in short, to make them competitive with 
MOS in cost, while retaining their inherent speed advantages. 

The major problem in achieving high density in bipolar ICs is the need 
to isolate the individual transistor structures from one another. Conven- 
tional techniques, which use active p-type regions to isolate the transistor 
collector regions, eat up a lot of chip real estate. One of the most signifi- 
cant advances in overcoming the problem was the Isoplanar process an- 
nounced by Fairchild Semiconductor division, Mountain View, Calif., last 
spring |Electronics, March 1, 1971, p. 52]. In Isoplanar, a thermally grown 
oxide region is used for isolation instead of an active diffusion, permitting 
a 40% saving in chip real estate. 

Two more techniques that will make the MOs-bipolar rivalry a horse 
race again are described in the following articles. In the first, researchers 
of the IBM World Trade Corp., Boeblingen, West Germany, detail their 
success in producing what they call “superintegration’”’ by combining 
functions on single islands of diffused material, greatly reducing the num- 
ber of isolation walls and interconnections required. 

Another approach, taken by Philips Research Laboratories in Eind- 
hoven, the Netherlands, has yielded a 70-MHz, 256-bit shift register on a 
chip with an area of only 5.6 square millimeters. The small size was at- 
tained by clever organization and direct collector coupling, which again 
eliminates essentially wasteful isolation and interconnection area. 

Both Philips and IBM are represented this week at the International 
Solid State Circuits Conference in Philadelphia, where further advances 
are described. Using essentially the same process described here, IBM has 
designed logic functions and fabricated a half adder and a small shift reg- 
ister. And with a similar principle, Philips has achieved an energy level of 
only 1 picojoule per logical operation, compared to 20 pJ with conven- 
tional 1Cs. The Philips technique can place over 1,000 gate circuits on a 
single chip of conventional size by using diodes that are integral with the 
transistors of the circuit, in place of load resistors. 
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Superintegrated memory shares 
functions on diffused islands 


Device, made by standard process, achieves small size 
by injecting minority carriers into inversely operated 
flip-flop transistors, which replace usual resistive load 


by Siegfried K. Wiedmann and Horst H. Berger, 
IBM World Trade Corp., Boeblingen, West Germany. 


L] A novel bipolar static memory device has almost the 
packing density of dynamic MOS storage devices. Fur- 
ther, it dissipates little power, and it is economical be- 
cause it can be made by conventional processing. 

Individual cells can be read in less than 10 nano- 
seconds and written in less than 40 ns. In a 2,000-bit ar- 
ray on a 150-mil square chip, taking into account the 
additional delay of peripheral circuits, these times 
would be under 60 ns and 150 ns respectively. The key 
to the device’s small size is a direct injection of minority 
carriers into inversely operated flip-flop transistors, 
which are used instead of the conventional resistive 
load. 

The bipolar device, diagramed in Fig. 1, and shown 
in a photomicrograph in Fig. 2, occupies an area of only 
about 4 square mils per device, including isolation. Two 


memory devices appear in the photo, but only one of 


them is wired. This photo clearly demonstrates the rea- 
sons for the extremely small size of this static memory 
cell; the structure is substantially determined by the size 
of the contact holes—there are only six and a half holes 
per cell. Furthermore, the device uses no ohmic load re- 
sistors and needs no internal isolation. Isolation is re- 


quired only between rows in an array, not between de- 
vices in a row. 

As shown in Fig. I, a standard n+ buried layer is dif- 
fused into the p_ substrate, the n epitaxial layer is de- 
posited, and the p and n regions are diffused into the n 
layer. Metalization layers connect pz to ne, n; to ps3. and 
Pi. n3, and ny to pads for external connections or to ad- 
jacent portions of an integrated circuit. This structure 
forms a transistor at njpen and nypsn. There are also 
lateral grounded-base pnp transistors at pinp2 and 
PiNPps. 

When current is applied to the center p region (py), 
the latter injects holes into the n region. A substantial 
number of these holes is collected by the adjacent p re- 
gions, pz and p3. Because of the symmetrical structure, 
both p regions collect equal currents, Ip. These cur- 
rents—unless withdrawn through the metal lines—for- 
ward-bias the base-collector junctions pzn and psn, thus 
turning on the corresponding transistor nyp2n or ngpsn 
in its inverse mode. 


Device is flip-flop 


Once the right-hand transistor is on, it draws the base 
current I, away from the py» region of the left-hand tran- 
sistor through the metallic connection to the n+, region, 
provided that the inverse current gain is greater than 1. 
Of course, the other state with the left-hand transistor 
on and the right-hand transistor off is also possible. 
Thus, the structure is a flip-flop. The outer regions ng 
and ny couple the flip-flop to the read-write lines in an 
array organization. This coupling is discussed later in 
connection with the equivalent circuit. 

The structure’s bistability depends on the saturation 
of the “on” transistor, a condition in which the collec- 
tor-to-emitter voltage is small enough to keep the other 
transistor off. As the “on” transistor receives equal cur- 


n*- BURIED LAYER 


p -SUBSTRATE 


1. Compact memory cell. Standard fabrication techniques are used in the production of this bipolar transistor structure. It stores one bit in 
only 4 square mils. Key feature is the lateral pnp transistors sharing the region p,, which serve in lieu of load resistors 


Electronics/February 14, 1972 


83 


rents at its base ps (or pz) and its n*y (n*+;) region, an in- 
verse current gain larger than unity is sufficient to ob- 
tain saturation. The necessary inverse current gain can 
be attained by conventional processes, since the emitter 
efficiency depends not only on the doping ratio, but also 
on the ratio of diffusion length to base width. 


Measuring inverse gain 


An inverse current gain (fjny) larger than unity is not 
a very stringent condition. Besides, /j,, decreases only 
slowly as I, decreases, assuring bistability even with ex- 
tremely low currents. Its value at various current levels 
was determined experimentally on devices with special 
metalization patterns that permitted the component 
currents to be measured separately; these patterns dis- 
rupt the flip-flop cross connections. The current I, re- 
ceived at the base of one inverse npn transistor (region 
pz in Fig. 1), when divided by half of the supply current 
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2: Why it’s small. In the two cells shown here, the contact holes are 
the limiting factor in small size. Also no external isolation is needed 


LIMIT OF 
BISTABILITY 


3. Bistability conditions. As long as the |,, curve lies above the |, 
curve, the compact memory cell is bistable, even at very low current 
levels. Ordinarily it would operate in the microampere range 
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[,, indicates the grounded-base current gain a, of the 
lateral pnp transistor. 

This gain is nearly constant for values of I, up to 
about 10 microamperes and decreases for larger cur- 
rents. Likewise, the collector current I, of the other in- 
verse npn transistor (region n+»), also divided by half of 
the device supply current, represents the product of the 
pnp transistor’s alpha and the npn transistor’s inverse 
beta; it rises to a substantial peak at about 100 A. 

The ratio of these two quantities is the inverse current 
gain: 

Bing = (pnpBapn)/(pnp current gain) = I,/I, 
Bistability is assured as long as this ratio is greater than 
|—that is, as long as the I,-curve in Fig. 3 runs above 
the I,,-curve. 

The plot in Fig. 3 shows that bistability is maintained 
down to a cell current of about 3 nanoamperes, corre- 
sponding to a power dissipation of about 3 nanowatts. 
In tests, the memory device has been safely operated 
with a supply current of as little as 10 nA. 

This low current level was tried on test devices made 
by a process not optimized for this purpose. These - 
vices had an inverse current gain of approximately 2 
larger gain is possible with a proper adjustment of the 
process, thus probably shifting the bistability limit even 
into the picoampere range. 


Equivalent circuit 


An equivalent circuit for the superintegrated memory 
device, shown in Fig. 4, resembles that of a low-power 
small memory cell described at the 1971 International 
Solid State Circuits Conference in Philadelphia.’ It is 
distinguished from these earlier circuits only by an ad- 
ditional short-circuit connection indicated by a heavy 


4. Equivalent circuit. Labels correlate this circuit to the structure in 


Fig. 1. Its distinguishing features are the pnp transistors as current 
sources and the sharing of single diffusions as regions of different 
transistors. The short circuit between the current-source bases and 
the W_ reference point is an important feature of this design 
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5. Word-organized array. A single n-stripe embeds all cells ina common word-line pair. Pairs of cells share a single p-type emitter 
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rail read-out lines lie perpendicular to the common n-stripe, interconnecting cells in adjacent n stripes. 


line in Fig. 4, between the common n-base of pnp load 
transistors Qs and Qy and the common n-collector re- 
gion of the inversely operated npn flip-flop transistors 
Q, and Q». This connection corresponds to the use of a 
common n-layer to accommodate all the elements of the 
superintegrated memory device. The device can also be 
derived formally by superintegrating a double silicon- 
controlled rectifier cell,? but it is not operated in SCR 
mode. 

The labeling of the p and n zones of the six transistors 
in the equivalent circuit shows how these elements cor- 
respond to the p and n regions in the principal structure 
of Fig. 1. Thus the emitter p; is common to both pnp 
load transistors Qs and Q4, while the collector ps of pnp 
transistor Qs is physically identical with the bases of the 
inverse transistor Q»y and of the decoupling transistor 
Qs. Likewise, the p region pe serves for the transistors 
Qs, Qi, and Qs respectively. This extensive merging of 
separate transistors saves interconnection lines and con- 
tact holes, which contributes significantly to the small 
size attained. 

This structure can be laid out in a word-organized ar- 
ray, as shown in Fig. 5. In this layout, all the memory 
cells belonging to a common word line pair (W4 and 
W_) are embedded in a common isolated n-stripe. The 
cell structure is essentially the same as shown by the 
principal structure in Fig. 1, except that a single p, 
emitter serves two memory cells. 

The W_ line is simply the common n-stripe between 
the isolation walls, whereas the W, line is a metal strip 
deposited in a second metalization step; it connects all p 
emitters of one word. If the series resistance of the W_ 
line is too high, another metal line can be added paral- 
lel to it. The read-write transistors are connected to a 
read-write metal line pair R/Wo and R/W,, perpen- 
dicular to the n-stripes. 

With contact holes 0.1 mil wide, this layout requires 


Electronics/February 14, 1972 


POWER- 
(100 Ha) 


— — 
— a em 
— 


6. Faster writing. Although the compact memory cells’ writing time 
is short, it can be reduced even more without significantly increasing 
power dissipation by increasing current just before writing. 


only about 4 square mils per bit of storage, so that 2,000 
bits should fit on a chip about 150 mils square. An oxide 
isolation would further cut down the size by a factor of 
about two, permitting 4,000 bits per chip.4 


Reading and writing 


To read a word from this array, the W+ line serving 
all devices in a word row is raised by about 0.5 volt. 
This raises the potential of one line in each read-write 
line pair—the line that is connected to the “off” side of 
the corresponding device on the selected word line. 
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7. Fast reading. Read signals (four lower traces) are differential sig- 
nals that show less than 10 ns delay even at supply currents as low 
as 3 microamperes. The four traces are for 100, 30, 10 and 3 pA re- 
spectively; the top trace is the 0.4-V selection pulse. Scales are 0.1 V 
per vertical division and 10 ns per horizontal division 


Thus, the sign of the potential difference on each read- 
write line pair denotes the information stored in the cor- 
responding cell of that row. 

To write a bit in a cell—that is, to change the state of 
the device—the proper read-write line is held down. 
This draws away the base current of the corresponding 
transistor in the flip-flop, if it happens to be on, thus 
switching it-off. The potential of the other flip-flop node 
then increases as the current of the pnp transistor is no 
longer diverted from this point, and the other transistor 
turns on. The length of time for this charging action de- 
termines the minimum write time; it is, of course, longer 
for smaller device currents, as shown in Fig. 6. 

In the low-current range of the device, where the 
node capacitances are substantially current-indepen- 
dent, the product of device cupply current I, and the 
minimum writing time is approximately constant. The 
graph shows, for example, that the write time for a 
stand-by current of 20 uA is about 100 ns. Although this 
time is not unreasonably long, it can be considerably re- 
duced by momentarily increasing the supply current 
from its standby level. 


Bilevel operation is easy 


For example, increasing I, to 100 “A simultaneously 
with writing reduces the write time from 100 ns to about 
40 ns— as compared to a write time of about 30 ns for a 
steady supply current of 100 A, which would increase 
considerably the circuit’s power dissipation. Such a bi- 
level operation is easy with this device, because the 
emitter-base junction of the pnp transistor provides a 
very low external impedance. 

As the emitter-follower configuration of the read- 
write transistors suggests, reading is extremely fast (see 
Fig. 7). In addition, speed is enhanced because the base- 
collector junction of this transistor is forward biased in 
standby, so that the transistor that delivers the read cur- 
rent is already on before the word selection pulse ar- 
rives. The oscillograms in Fig. 7 were taken with a simu- 
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8. Data retention. Memory cell can retain information for quite a 


long time after current is shut off—here 700 ys. From top, traces are 
0.5-V selection pulses 
nals, and read signals of about 0.3 V. Positive pulses on read line are 


1s, negative pulses are Os. Time scale is 500 ps per division 


100 »A power pulses, write 1 and write O sig- 


lated read-line load corresponding to an array of 2,000 
to 4,000 bits. 


Overcoming drawbacks 


In the superintegrated structure, parasitic transistors 
are present, and their influence must be considered in 
the operation of an array. For example, in Fig. 5, a 
parasitic transistor is formed where the underlying 
n-stripe lies between Pz and P3. The effects are essen- 
tially the same as in the low-power small memory cell, 
described last year at IsscC. These parasitic effects are 
not serious, since they can be kept under control by 
proper design. 

But inverse transistor action of the read transistors 
can be troublesome. In an actual array, the read transis- 
tors of non-addressed memory cells draw an inverse 
current from the read-write line if they are on. This 
parasitic current decreases the net sense current from 
the addressed cell. 

However, this decrease does not present a severe 
problem, because of the option to power up the ad- 
dressed cell during the read or write operation. In fact, 
the non-selected cells can be switched off during a read 
operation, because the device can retain the stored in- 
formation in its internal capacitances. 

The oscillogram in Fig. 8 demonstrates this data re- 
tention capability. After each write or read operation, 
the supply current has been completely turned off for 
about 700 microseconds without destroying the infor- 
mation. Even much longer retention times of about 10 
milliseconds have been measured—a much longer time 
than would be needed in any practical application. 
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Collector coupling minimizes 
interconnections in chip 


Easily made bipolar shift register features 
extremely high speed, low power dissipation, 
and packing density approaching MOS devices 


by Dieter Kasperkovitz, 
Philips Research Laboratories, Eindhoven, The Netherlands 


L] One large-scale bipolar IC shift register design offers 
a good combination of the speed that is bipolar tech- 
nology’s main advantage and the lower power dissipa- 
tion, high integration density, and simple fabrication of 
metal-oxide semiconductor technology. The register’s 
low power dissipation and its high speed/power ratio 
make it potentially valuable in large systems where 
many long shift registers are employed—for example, in 
time-division multiplexed telephone systems or in 
buffers used in computers and bulk storage units. 

This register [like the high-density IBM circuit de- 
scribed in the previous article (page 83)] achieves high 
density by combining functions on a single island of dif- 
fused material. Combining these functions reduces the 
number of isolation walls, as well as the number of con- 
tact holes and interconnecting strips that otherwise 
would be needed if separate islands were used for spe- 
cific single functions. In addition, reducing the complex- 
ity of interconnection contributes to high reliability. 

But this circuit [unlike the IBM array of small-area. 
randomly accessible static flip-flops] is a static shift reg- 
ister; thus it is limited to serial access. Driven by a two- 
phase clock, the IC stores data current-steered flip-flops 
that dissipate power only in the master state. 

The shift register is capable of operating at clock 
speeds up to 75 megahertz, yet it dissipates less than 0.2 
milliwatt per bit—corresponding to a speed/power ratio 
of 375 MHz per mw per bit—about two orders of magni- 
tude higher than that of conventional bipolar shift reg- 


CLOCK LINES 


$2 


isters. Each shift register element in the new circuit oc- 
cupies only about 21 square mils, or 72 elements per 
square millimeter. A complete shift register with these 
specifications can be made with only five masking steps, 
because no buried layer is needed. 


Transistors paired 


The basic circuit consists of a number of common- 
emitter transistor pairs, as shown in Fig. 1. The first of 
these pairs is a high-impedance input stage; the remain- 
der are all memory stages. In each memory stage, the 
left-hand transistor is referred to here as Q; and the 
right-hand transistor as Q». Within each pair, the base 
of Q; is connected to a -0.25-volt reference; the collec- 
tor of Q; is connected to the base of Q» in the same pair, 
to the collector of Q» in the preceding pair, and through 
a resistance to ground. The common emitters of each 
pair are connected through a second resistance to a 
clock line; alternate pairs are connected in this way to 
clock signals of opposite phase. To drive the two inverse 
clock lines, a simple low-power pulse generator can be 
integrated on the same chip as the shift register proper. 

The circuit’s small size results from the collector-to- 
collector coupling, because the collectors of the two 
transistors in a single pair can be formed from a single 
island of collector material. In a conventional design, 
each collector would have its own island of material: 
each island would be surrounded by an isolation wall, 
and each would have to be large enough to accom- 
modate a contact hole, through which an overlying 
metal strip would establish the connection. The holes, 
the islands, and the walls would all have to include a 
tolerance in their sizes for possible mask misalignments. 

The circuit characteristically inverts data when shift- 
ing it from element to element—that is, from transistor 
pair to transistor pair. Within each pair, a binary | is 
defined as current in the collector resistance, and a bi- 
nary O is the absence of current. When an element's 
clock line is low, that element is in the master state; oth- 
erwise it is in the slave state with no current flowing 
through the emitter resistance. 

An element in the master state storing a 0 shifts that 0 


1. Shift register. These two-transistor common-emitter pairs, when integrated into a monolithic chip, form shift register elements occupying 
only 21 square mils each. Each pair of elements (four transistors) stores one bit, shifting it along the line at up to 70 MHz. 
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2. Chip section. A 256-bit shift register has been made with the circuit of Fig. 1 1; part of the chip is shown here. Its high density is made pos- 
sible by combining functions of two transistors on a single island of semiconductor material, as shown in Fig. 3 


3. Coupling. These few elements of the 256-bit register show how the elements are coupled and how the collector and emitter resistances 
are integrated into the structure. The light stripes are metal interconnections; the faint shapes beneath them are semiconducting regions. 
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4. Degradation. Although the output of the shift register doesn't look 
very good at 70 MHz, obviously the register is functioning. Most of 
the degradation is caused by the measuring apparatus. 


to the next element, inverting it to a 1, when the two- 
phase clock changes state. Before the clock transition, 
the second element’s collector resistor carries current 
that passes through transistor Q» in the first element, 
through its emitter resistor, and then to the clock line. 
After the transition, this current passes instead through 
transistor Q; in the second element to the other clock 
lines. 

This second element shifts its | to the third element, 
inverting it again at the next clock transition. Current 
through the collector resistor of the second element 
drops the voltage at the base of Q» low enough to hold 
Q» off. After the transition, this current either is 
switched back to the first element or cut off altogether. 


Clock controls cutoff 


Neither the switching nor the cutoff is instantaneous 
because the transition of the clock phases is not instan- 
taneous. Thus, the voltage at the base of Q» in any 
given pair follows the clock pulse transition; it tends to 
increase relatively slowly until it reaches the reference 
level (assuming the thermal voltage kT/sq is zero). 

At that point, Q; stops conducting, and if the current 
through it cannot switch to Q» of the preceding pair, it 
must cut off. This turns on Q» of the given pair, and 
during the remainder of the clock pulse transition, a 
decreasing current flows from the following pair 
through Q» and the emitter resistor of the given pair. 

At the moment Q, turns off and Q» turns on in the 
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given pair, a peak current appears at the collector of the 
following pair. If the parasitic capacitance at this collec- 
tor were zero, this peak current could create a voltage 
peak high enough to switch the following pair into the 
wrong binary state. (The same is true in the opposite sit- 
uation, when Q, turns on and Qs turns off during a 
clock pulse transition; but the voltage peak has the op- 
posite polarity.) But the parasitic capacitance is not 
zero; it is large enough to create, along with the collec- 
tor resistor, a time constant approximately equal to the 
transition time. This delays the moment at which the 
switching from Q; to Q» takes place and considerably 
reduces the amplitude of the peak voltage caused by the 
switching—to a level well below the critical point that 
might adversely affect the shift register’s operation. 


Register illustrated 


Parts of a 256-bit shift register are shown in the 
photos, Figs. 2 and 3. In the larger-scale photo, the col- 
lector resistances are visible as enlarged collector is- 
lands, connected in pairs by a diagonal channel. This 
channel is crossed by an aluminum conductor, which is 
the ground bus, common to all elements in the register; 
it is connected to the channel by an n++ contact. 

The long vertical island of collector material forms 
the emitter resistances, connected to the emitters of the 
transistors by short aluminum lines that cross the island 
at each end. Clock pulse signals arrive on the long 
aluminum lines that cross the emitter resistances near 
the center of the island. 

How the register works in practice is shown for three 
different clock frequencies in Fig. 4. At the lowest fre- 
quency, | MHz, small oscillations clearly are visible; 
these are transitions between master and slave states, 
which take place at the clock pulse frequency as se- 
quences of identical bits pass the output. At higher fre- 
quencies, the output signal deteriorates; but this dete- 
rioration is largely due to parasitic capacitances 
associated with the output and with the oscilloscope 
probe, which are more than 10 times the internal ca- 
pacitances. Inside the shift register, the signal is still 
good. A modified layout could easily be made to 
present a good external signal also. ia 
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General Instrument will deliver, on time, its silicon gate 1024 bit shift registers, 
the pin-for-pin replacements for the 1402A’s, 1403A’s and 1404A’s: 


DL-9-L102A ccccccccccccccccccsscccccsccssesees (1-99—$12.00 ea.; 100-999—$9.00 ea.) 
DL-9-144034.................. seosese seeseeeee (L-99—$10.75 ea.; 100-999—$8.00 ea.) 
DL -O-V4OAA i... coees .(1-99—$10.75 ea.; 100-999—$8.00 ea.) 


In stock and immediately available from authorized General Instrument distributors 


For complete information call 516-733-3138 or write: Marketing Services Manager, General Instrument Corpora- 
tion, 600 West John Street, Hicksville, N.Y. 11802, or call, in New York: 516-733-3333; in Chicago: 312-774-7800; 
in Los Angeles: 213-641-7411. In Canada, call or write: General Instrument Canada, Ltd., 61 Industry Street, 
Toronto 337, Ontario, Canada, Tel: 416-763-4133. In Europe, write: General Instrument Europe S.P.A., Piazza 
Amendola 9, 20149 Milano, Italy. In the U.K., write General Instrument U.K. Ltd., Stonefield Way, Victoria Rd., South 
Ruislip, Middlesex, England. In the Far East, write General Instrument of Taiwan Ltd., P.O. Box 22226, Taipei, Taiwan. 


THE WORLD'S MOS EXPERIENCED COMPANY 


GENERAL INSTRUMENT CORPORATION ° 600 WEST JOHN STREET, HICKSVILLE, L. 1, NEW YORK 
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Probing the news 


Analysis of technology and business developments 


How to miniaturize mass memories 


Magnetic techniques for storing data may be on top today, 
but holography holds the promise for smaller trillion-bit memories 


by Wallace B. Riley, Computers Editor 


A trillion-bit memory the size of a 
golf ball is on the way with electro- 
optics. Already storage densities ap- 
proaching 10!* bits per square cen- 
timeter have been achieved in ex- 
perimental systems at Radiation 
Inc., Melbourne, Fla. And at RCA’s 
David Sarnoff Laboratories in 
Princeton, N.J., similar densities are 
obtained with holograms made us- 
ing manganese bismuth and arsenic 
trisulfide. 

The key to the high storage den- 
sity is the submicron wavelength of 
light, since the theoretical limit on 
the closeness of stored bits to each 
other is set by the wavelength of the 
recording energy. The practical limit 
is set by particle size in the record- 
ing medium—and photographic 
emulsions contain particles a few 
tens of milimicrons in diameter. 
Light waves vs particles. In contrast, 
magnetic particles are generally 
about a micron in diameter, and 
trillion-bit memories based on mag- 
netic recording and readout tech- 
niques are therefore physically very 
large. Examples are Ampex’s Tera- 
bit, Grumman’s Masstape and Pre- 
cision Instruments’ Unicon, which 
each occupy a large room. 

Also, as Bob V. Markevitch, man- 
ager of Ampex’s optical processing 
section, points out, conventional 
magnetic recording is limited to rel- 
atively long wavelengths. This 
length is established by the size of 
the gap in the recording head. 

For these reasons, optical tech- 
nology will probably take over in 
the long run. While holograms, ex- 
cept for RCA’s, are not yet erasable, 
they have data accuracy because, as 
Markevitch says, “A damaged holo- 
gram drops out no bits, but only 
slightly degrades the signal-to-noise 
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ratio of all bits.” 

Perhaps the next technology to 
become commercially practical will 
be magneto-optic, combining the 
advantages of optics and magnetics. 
At Honeywell’s Research Center in 
Hopkins, Minn., Di Chen, a re- 
searcher in magneto-optic systems, 
says his company is also working 
with MnBi, used as a coating on a 6- 
inch disk, for “bit-to-bit and holo- 
graphic recording.” The researchers 
are getting bit spacing “of 3 microns 
between centers, which works out at 
a density of 107 bits per square cen- 
timeter,” says Chen, but cautions 
that the disk “is just a laboratory 
model—you couldn’t even call it a 
prototype, it’s so far from any com- 
mercial version.” 

Like other magneto-optic  sys- 


tems, the model utilizes the Curie 
temperature of the recording me- 
dium. For MnBi this is +360° C. A 
laser focused on the tiny spot on the 
MnBi coating raises its temperature 
about 360°C, causing the area to 
lose its magnetic properties. Then 
the spot is allowed to cool in a mag- 
netic field, and stores data by taking 
on the field’s direction of magneti- 
zation. 

High power, low power. To read 
data out of the MnBi film, a second 
laser beam is focused on the spot, 
and its plane of polarization is ro- 
tated one way or the other, depend- 
ing on the spot’s direction of mag- 
netization. This laser is lower-pow- 
ered than the first, since if it, too, 
heated the film to its Curie tempera- 
ture, it would destroy the stored 


Tablon. This system, now in operation and about to be expanded at the U.S. Department of 
Defense, provides a common data base for several large computers in and near Washington. 


MASTER 
CONTROL 


DIRECTORY 
DISK 


DIGITAL 


BUFFERS 


TERABIT 


STORE 


gi 


Probing the news 


data. 

IBM is also involved in magneto- 

optics. Industry sources indicate that 
a development project investigating 
europium sulfide is under way at the 
company’s research laboratories in 
San Jose, Calif., but IBM’s official 
position is noncommittal. “Every- 
thing is proprietary,” says an engi- 
neer ruefully. 
Laser reader. Of the three mass 
memory systems now on the market 
Unicon is the only one to use a la- 
ser. The memory holds up to a tril- 
lion bits, recorded on strips of poly- 
ester film coated with a thin film of 
rhodium. The laser controlled by 
the binary data to be recorded 
burns holes about Sum in diameter 
in the rhodium film. A less powerful 
laser beam then reads the data, ei- 
ther passing through the holes or 
being reflected from the unpunc- 
tured rhodium. 

A single plastic strip in the Uni- 
con system holds 2.5 billion bits. 
There are 25 strips in a pack and 18 
packs in a system. It transfers data 
at 400,000 bytes per second (1 byte 
equals 8 bits). The memory was de- 
veloped and marketed by Precision 
Instrument Co., Palo Alto, Calif. 
and costs $1.6 million. 

Terabit is based on Ampex’ 
highly successful videotape 
recorder. Frequency-modulated 
digital data is recorded transversely 
on magnetic tape, along with three 
longitudinal records of address, con- 
trol, and tally information. Terabit’s 
use of a magnetic medium for stor- 
age makes erasure and rewriting 
possible, so that active storage is 
possible. According to the Redwood 
City, Calif., company, Terabit is 
also suitable for archival storage, in 
which data is never erased but may 
be read many times. 

Terabit has a capacity of 43 bil- 
lion bits per reel of videotape, and 
has two separate mechanical drives 
on-line to the computer in each 
rack, for a total of nearly 100 billion 
bits per racks. The number of racks 
depends on the particular installa- 
tion. Each channel transmits 6 
megabits per second to or from the 
tape, and the Terabit controller can 
handle four channels at one time. 
Automatic loader. Masstape is one 
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Who needs mass memories? 


The U.S. Government—especially the Department of Defense—is a prime 
customer for mass memories. DOD already has one mass storage network, 
called Tablon, in operation. Tablon connects several large-scale computers 
to a single on-line data base, replacing many conventional magnetic tape 
drives for each computer and eliminating manual loading and unloading of 
tape reels. 

The memory consists of two iBM 1360 photo-digital storage systems, to 
which an Ampex Terabit memory will be added in a few months. The 
present system is archival. But when the Terabit is added, Tablon will be ca- 
pable of active storage, in which data can be written, read, erased and re- 
written many times. DOD hopes that within the next five to ten years the Tab- 
lon concept can be extended to a three- or four-layer hierarchy. 

The Defense Department's Advanced Research Projects Agency, the Na- 
tional Security Agency with its cryptographic mission, the Library of Con- 
gress, and the Census Bureau still stand as potential customers for mass 
memory developers. In fact, ARPA recently took delivery on the first Unicon 
from Precision Instruments Corp., for the Illiac 4 computer, soon to be in- 
stalled at NASA’s Ames Research Center, Mountain View, Calif. 

The U.S. Patent Office also was considering automating its vast files and 
installing amass memory, but recently cancelled the remainder of its 1972 
program for investigating these memories. Among the systems being exam- 
ined in the Patent Office program were Terabit, Unicon, and Masstape. The 
agency was also working on holographic memories that could store both 
digital and image information and that may eventually be best suited to the 
agency's requirement. 

Potential industry users of mass memories include oil companies, insur- 
ance firms and banks. The Unicon that went to Ames was originally slated 
for the Amoco Production Co. (formerly the Pan American Oil Co.) of Tulsa, 
Okla. Amoco would have used it as a block-oriented random-access 
memory (Boram) for seismic data, which is accumulating at the rate of sev- 
eral billion bytes per year, and for on-line backup of other vital records, 
such as oil-well data files. Precision Instruments says the second Unicon is 
almost ready to go to Amoco, but Amoco spokesmen are noncommittal 
even though the company is unquestionably interested in obtaining some 
kind of mass memory in the near future. 


solution to the problems of man- 
ually loading and unloading con- 
ventional magnetic tape drives in 
large computer centers. It records 
on '2-in.-wide instrumentation tape, 
which comes in cartridges that are 
automatically loaded and unloaded. 
Developed by Grumman Data Sys- 
tems Corp., Garden City, N.Y.., 
Masstape is not expected to be used 
as an archival system. 

The minimum Masstape system 
contains one storage unit storing 16 
billion bytes, and either sells for 
$350,000 or rents for $11,956 a 
month. A typical large system could 
hold 128 billion bytes, selling for 
$1,239,000 or renting for $41,300 
per month. A single tape cartridge 
moves data at 150,000 bytes per sec- 
ond; the Masstape controller han- 
dles a megabyte per second. 

IBM’s 1380 Photodigital Storage 
system records data on small 
“chips” of photographic film, which 
it transports mechanically in and 


out of small storage bins. Each chip 
holds rather more than half a mil- 
lion characters; the entire system 
stores 101? bits. Once a particular 
chip has had data recorded on it 
and been developed, it cannot be 
updated, so that the Photodigital 
store is truly archival. IBM built sev- 
eral of these machines a few years 
ago, but found that they were not 
competitive with other technologies. 
Via Video. International Video 
Corp. also markets a recorder that 
uses video techniques, but with a 
helical rather than transverse scan, 
like the Sony video recorder. 
Magnetic bubble technology is 
sometimes mentioned as a candi- 
date for mass memory technology. 
But while bubbles can be packed 
into thin films at densities of well 
over a million per square inch, each 
bubble corresponding to a bit, these 
do not approach the densities of the 
advanced electro-optical and mag- 
neto-optical techniques. a 
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Government 


U.S. agencies spur 
avionics sales abroad 


Government-industry plan to beat competition overseas includes 


sales tips, better credit, and company teaming to nail deals. 


by William F. Arnold, Aerospace Editor 


With the U.S. share of overseas 
avionics markets declining, three 
U.S. Government agencies are 
mounting a coordinated coun- 
terattack to help American manu- 
facturers. The Federal Aviation Ad- 
ministration, the Commerce De- 
partment, and the U.S. Export- 
Import Bank have taken aim at the 
growing need for avionics, commu- 
nications, and navigational aids in 
developing countries. 

The program was spelled out by 
officials of the three agencies at a 
closed meeting with avionics and 
electronics manufacturers at FAA 
headquarters in late January, when 
the South American market was 
highlighted. Officials were so afraid 
that details of the program might 
leak out that they not only barred 
the public but also kept away repre- 
sentatives of foreign trade missions, 
embassies, and companies that had 
heard about the meeting. 

How to do it. The plan calls for 
the FAA to analyze air trans- 
portation needs in specific countries 
and issue these findings to industry. 
The Commerce Department is to ar- 
range appointments with govern- 
ment Officials abroad, organize trade 
missions, and alert U. S. manufac- 
turers to upcoming “big ticket” proj- 
ects and what to expect from foreign 
competitors. The Export-Import 
Bank will advise and provide fi- 
nancing, including the use of lines 
of credit with foreign banks. 

The plan, initiated by the FAA, 
represents a significant reversal in 
U. S. Government policy. Here- 
tofore, U. S. manufacturers have 
complained that government help 
abroad—particularly through U. S. 
embassies— has been lackluster. 
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Now, closer government-industry 
relationship must be fostered, 
Charles O. Cary, FAA assistant ad- 
ministrator for international avia- 
tion affairs, told the well-attended 
meeting. The reason that the U. S. 
no longer has “a competitive edge,” 
said Cary, is that single U. S. manu- 
facturers often compete against for- 
eign companies that are either gov- 
ernment-owned, like France’s 
Aerospatiale; | government-coordi- 
nated, like Japan’s Zaibatsu trading 
cartels; or government-backed, like 
the United Kingdom companies. 
Government participation enables 
those companies to compete more 
economically, provide a wider range 
of products, and offer easier financ- 
ing than U. S. manufacturers. 

All together. FAA administrator 
John H. Shaffer cited the FAA Act, 
which calls for that agency to foster 
air development here and abroad. 
Export-Import Bank officials out- 
lined how financial arrangements 
could be made and pledged quick 
cooperation. Commerce Depart- 
ment administrators explained how 
trade missions and their foreign rep- 
resentatives function. 

At the end of the meeting, attend- 
ees submitted their company names 
and addresses for an information 
mailing list. They received packages 
containing the names, addresses, 
and telephone numbers of officials 
of the three participating agencies; 
the FAA’s analysis, which included 
key government officials in each 
country; and a list of banks in the 
Western Hemisphere that the Ex- 
port-Import bank has lined up for 
credit arrangements. 

FAA’s Shaffer reminded the au- 
dience, “The Europeans sold $500 


million worth of aeronautical and 
airport equipment within the last 
calendar year” to South America 
alone. 

Industry estimates place the total 
current South American avionics 


and electronics market at about 
$200 million. The toughest competi- 
tors there are Thomson-csF, of 
France, and Plessey Ltd., of the 
U. K. Both offer a wider range of 
services and products than any 
single U. S. manufacturer. 

The meeting on the South Ameri- 
can market was the first of a series 
under the new program. One on the 
Caribbean market is expected in a 
few weeks. Pending are other brief- 
ings on Europe, Africa, and a 
Middle East-Southeast Asia combi- 
nation. 

Strauss S. Leon, of Commerce’s 
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new Office of International Business 
Assistance, explained, “We're a 
catalyst” to get the other depart- 
ments to support improved trading 
efforts. The department will encour- 
age “turn-key” projects,” he said. 
Leon added that the U. S. has “less 
than half the number of commercial 
attachés stationed abroad than the 
British do.” 

Problems. Both Government and 
industry acknowledge that the new 
program has a number of problems. 
One is antitrust: “We would have to 
be pretty careful of the nature of the 
agreement,” says Robert J. Shank, 
vice-president at Cutler-Hammer’s 
AIL division, Deer Park, N.Y. Com- 
panies would have to compete if 
team members offer the same ser- 
vices, he points out. FAA’s Cary be- 
lieves that government industry 
teams are “a way around antitrust” 
because of the participation of the 
Commerce department. 

Another consideration is that the 
agencies are forbidden to aid mili- 
tary aviation needs—a problem in 
many South American countries 
where the armed forces operate the 
civilian airports. Cary says this may 
be a problem, since “civilian surveil- 
lance radar, for example, can be 
used for military purposes.” But he 
says that the difficulty can be over- 
come. “The FAA position is that just 


to control the civilian traffic in a 
country, you have to monitor the 
military, as well,” he adds. 

Some ask whether anti-U.S. feel- 
ings might hamper a trade effort in 
Latin America. “Civilian aviation 
officials of the countries generally 
are all favorable,’ Cary answers. 
“We've provided them with techni- 
cal assistance from time to time,” 
which helps. A problem is that 
“they tend to buy on a what’s- 
cheapest basis’”— that is, least 
money down and long-term pay- 
ments. 

Quick start.The plan began at the 
FAA a few months ago as a top pri- 
ority program, Cary says. Will it 
work? “I think so,” he says. “It’s a 
little bit better than what most other 
countries are doing.” Cary explains, 
“For the first time, the plan puts all 
of U.S. industry in the position to 
form marketing teams so they can 
compete with whole packages.” 

A special attraction is that the 
plan will finance “at reasonable, 
competitive interest rates’ both 
studies and projects, he says. “It ties 
together consultants and manufac- 
turers” so that they can sell pro- 
grams more effectively. “We have a 
larger industry than most coun- 
tries,” Cary says. “This plan will al- 
low companies to tailor require- 
ments to specific needs.” Oo 


Caution tempers industry hopes 


While reaction to the Government's proposal to help industry obtain busi- 
ness in developing nations is generally favorable, there are some old scars 
and lingering cynicism about how helpful the next steps are going to be. 

Robert J. Shank, vice-president for plans and business development, AIL 
division of Cutler-Hammer, Deer Park, N.Y., recalls that a few years ago AIL 
thought it hac sold an instrument landing system to Uruguay. “‘Then the 
FAA gave them one.”’ He says that the plan is a ‘‘new look in the Govern- 
ment'’s attitude toward U.S. trading policy.’’ What happens ‘‘remains to be 
seen,’’ Shank says, but ‘‘the change from neutrality to a positive attitude, to 
me, was the real message of the meeting.” 

Michael S. Kinsey, manager, special product sales, EG&G Inc., electron- 
ics systems developers, of Bedford, Mass., says he plans to attend all future 
meetings. ‘‘There’s real value there,’’ he says. ‘If you’ve got a problem lo- 
cally with an FAA guy in Brazil, for example, you can tell him that's not what 


Washington said should be done.”’ 


Overall, Kinsey says the meeting was ‘‘encouraging,’’ considering ‘‘it 
was the first time they've ever done it.’’ But, he thinks that it was a little su- 
perficial. ‘They should’ve had department guys from South America ac- 
tually to tell us what's happening, who to see, and so forth. That's the real 
stuff.’’ He adds, ‘‘All South America is a neglected area."’ 

Charles O. Cary, an assistant FAA administrator, reports that after the 
meeting, ‘One guy told me that he had heard a lot of talk about Govern- 
ment-industry cooperation, but this is the first time he had ever seen it.”’ 
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The Model 113A gives you automatic selection of 
slope when measuring positive or negative pulse 
widths, so you have one less mental calculation to 
make, one less knob to turn. And you get Monsanto’s 
two-year warranty. What other major instrument 
manufacturer offers you that? All this versatility, all 
this four-figure performance, sells for just $895 for 
5-digit display. For complete data or a demonstra- 
tion, write Monsanto Company, Monsanto Electronic 
Instruments, West Caldwell, N. J. 07006. 
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Probing the news 


Materials 


Coming attractions in magnetic tape 


Two new oxides and an alloy with higher coercivities than the 


iron oxide of today’s standard tape promise better performance 


by Michael J. Riezenman, Instrumentation Editor 


The iron age may be ending for 
magnetic tape, which until now has 
been made almost exclusively of 
gamma iron oxide (y-Fe2,O3). While 
it is still used in over 99% of the tape 
being made today, three new high- 
coercivity materials promise a lot of 
competition: 

= A cobalt-doped iron oxide from 
3M Co., with a coercivity that varies 
from about 320 to 1,000 oersteds, 
depending on the amount of cobalt 
doping. 

= Chromium dioxide, a DuPont 
product, with a coercivity of about 
500 Oe. 

= Cobaloy, a product of the Coba- 
loy division of Graham Magnetics, 
Graham, Texas, with a coercivity of 
about 1,000 Oe. 

High coercivity makes it possible 
to pack more information on a 
given length of tape, because such 
tape can handle shorter wave- 
lengths(wavelength is the speed that 
the tape moves past the head di- 
vided by the frequency of the signal 
being recorded). 

Small particles needed. Ordinary 
iron oxide is adequate for wave- 
lengths of about 0.25 mil and 
greater, according to Delos A. Eilers 
of the Magnetic Products division of 
the 3M Co., St. Paul, Minn. Thus, a 
reel-to-reel audio tape recorder op- 
erating at 7.5 inches per second has 
no need for any other material be- 
cause, even at 15 kilohertz, its 
wavelength is 0.5 mil. However, the 
17% ips used in a standard audio cas- 
sette drops the wavelength to 0.125 
mil. The result is degradation of the 
high-frequency response of the 
recording and/or degradation of the 
signal-to-noise ratio. 

The reason for this decline in per- 
formance is that small magnetic 
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particles, packed closely together, 
are needed to record very short 
wavelengths— just as fine-grained 
photographic film is necessary for 
high picture resolution. Unfortu- 
nately, when tiny particles are 
packed closely together and their 
magnetic polarity is changed 
quickly as a function of distance (as 
is the case when dealing with short 
wavelengths), they tend to de- 
magnetize each other, causing a re- 
duction in signal level. 

Eilers points out that this loss of 
high-frequency response can be re- 
duced by recording at a reduced sig- 
nal level at which the self-demagne- 
tization effects are negligible. 
However, this remedy isn’t as good 
as it sounds because lowering the 


signal level causes a reduction in the 
S/N ratio of the recorded signal. 

A better solution is to use a mag- 
netic material with a higher coerciv- 
ity than gamma iron oxide. (A ma- 
terial’s coercivity is a measure of its 
resistance to magnetization or de- 
magnetization). 

In describing its line of cobalt- 
doped iron oxide products, 3M Co. 
spokesmen emphasize that the coer- 
civity of the material can be tailored 
to a particular application. For ex- 
ample, the tape for 3M’s audio cas- 
settes has a coercivity of 320 Oe, 
close enough to the 280 Oe of iron 
oxide to be compatible with stan- 
dard cassette recorders, while its 
tape for TV kinescopes has a coerciv- 
ity of 500 Oe. 


Adaptable. This Advent cassette recorder can accommodate either regular iron oxide or 


chromium dioxide tapes at the throw of a switch 


9o7 


Probing the news 


Another advantage claimed for 
cobalt-doped tapes is that they are 
no more abrasive than ordinary 
iron-oxide tapes. In this they are 
contrasted with chromium dioxide, 
a very hard material. Though abra- 
siveness is not much of an issue in 
audio work, where tapes run at rela- 
tively slow speeds, it matters a lot in 
video, instrumentation, and com- 
puter applications, where high tape 
speeds are the rule. 

Paul J. Weber, marketing man- 
ager of the Magnetic Tape division 
at Ampex Corp., Redwood City, 
Calif., explains that chromium diox- 
ide has not been used in video prod- 
ucts at Ampex because of abra- 
siveness, but he is “not absolutely 
convinced that abrasivity is inherent 
in CrOs.” 

Spokesmen for DuPont, which 
has the exclusive rights to CrO», 
minimize the importance of its abra- 
siveness and claim that how the 
magnetic coating is applied to the 
tape’s plastic base material is much 
more crucial than the hardness of 
the oxide itself. In any event, the re- 
cent appearance of extremely hard 
hot-pressed ferrite tape heads 
should reduce concern over abra- 
siveness of tape materials. Even 
conservative figures indicate that 
ferrite heads will last at least 10 
times longer than standard mu- 
metal heads under the same condi- 
tions. 

CrO, is highly acicular. In dis- 
cussing the advantages of chromium 
dioxide, DuPont engineers empha- 
size not only its high coercivity, but 
its high acicularity (needle-like 
shape), small particle size, and uni- 
formity of particle size, as well. 
These properties make it possible to 
maintain excellent uniformity in the 
alignment of the CrO» particles on 
the tape. This, in turn, increases the 
high-frequency response of the tape. 
This advantage is not without 
serious consequences. The high-fre- 
quency response is boosted so much 
more than the low-frequency re- 
sponse—6 to 12 decibels between 10 
and 15 kHz, compared with | to 3 dB 
at the low end—that the standard 
preemphasis and post-equalization 
circuits in conventional tape record- 
ing equipment must be changed to 
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MAGNETIC PROPERTIES OF TAPE MATERIALS 
Cobalt-doped Chromium 
280 to 1,000 


Gamma 
iron oxide 


Coercivity (H.)* 
(oersteds) 


Saturation* * 
magnetization 
(emu/cc) 


Shape factor 
(length/width 
ratio) 


* Coercivity is the magnetic field intensity required to reduce the material's magnetization 


from saturation to zero. 


** Saturation magnetization is the maximum magnetization that can be induced in the material 


by an applied field. 


flatten the output power over a wide 
bandwidth. 

Also, the high coercivity of the 
CrO» tape makes it necessary to use 
bias and input currents that are 4 dB 
above those used for iron oxide. 
This is an obvious disadvantage, as 
Ampex’s Weber points out, since in- 
struments then have to be adapted 
to the new material. 

And this raises the issue of com- 
patibility, or the lack of it, and the 
design of new equipment. Some in- 
strument makers, such as Henry 
Kloss, president of Advent Corp., 
Cambridge, Mass., feel that it is 
worth designing new tape recorders 
to take advantage of chromium 
dioxide tapes. Advent makes a line 
of audio cassette recorders with 
switches that change their bias cur- 
rent and equalization circuitry so 
that the machines can handle both 
conventional and CrO» cassettes 
(see photo). Kloss feels that the 
slow-playing speeds (short 
wavelengths) used in audio cassettes 
make this approach worthwhile. 

On the other side of the fence, 
Robert Peshel, chief engineer of the 
Instrumentation division of Ampex, 
comments that “it would require 
massive redesign of equipment to be 
able to use a high-energy tape,” and 
that the way Ampex uses tape mate- 
rials, the advantage of CrO2 would 
be limited to 1 to 2dB. But he did in- 
dicate that both cobalt-doped iron 
oxide and chromium dioxide would 
become attractive if shorter record- 
ing wavelengths become a trend. 

The third new material, Cobaloy, 


is a metal alloy, not an oxide. Ac- 
cording to Robert J. Deffeyes, presi- 
dent of the Cobaloy division of Gra- 
ham Magnetics, Cobaloy particles 
are less than 0.1 micrometer long 
(compared with 0.5 to 1.0 wm for 
CrOz), and this contributes greatly 
to its low-noise properties. 

Cutting abrasion. Because metals 
are softer than oxides, Cobaloy is 
potentially the least abrasive mag- 
netic recording material. Deffeyes 
emphasizes the word “potentially” 
because he agrees with Du Pont that 
the proprietary binder systems used 
to hold the magnetic material to the 
tape’s polyester backing are as im- 
portant as the magnetic particles in 
determining the abrasiveness of the 
finished tape. 

Like cobalt-doped iron oxide, 
Cobaloy can be made in a variety of 
formulations, with coercivities rang- 
ing from 500 to 1,150 Oe. As with 
the former material, the coercivity is 
varied by changing the amount of 
cobalt in the alloy. But, says Def- 
feyes, Cobaloy is much less sensitive 
to temperature than cobalt-doped 
iron oxide, although it is slightly 
more sensitive than y-Fe203. 

Because of its desirable magnetic 
properties and small particle size, 
Cobaloy appears promising. So far, 
however, it is only being produced 
in small quantities, for users who 
sign confidential agreements. Thus, 
no independent verification of the 
company’s claims is possible at 
present. However, Deffeyes says 
that Cobaloy tapes will be commer- 
cially available early in 1973. Oo 
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Tagged for 
ings France, 


tickets. 


IF YOU'D LIKE TO FIND OUT WHY, 


4 
Generators 


a this 


CALL JOHN NORBURG AT 714-772-2811 COLLECT 


It's nothing unusual. Our various agents 
overseas, including Tekelec Airtronic 
of France, represent a very interesting 
line of Function Generators. The IEC 
Series 30. Four of the most advanced- 
concept test instruments available in 
the Free World. Designed to fit the 
exact needs of our customers, whether 
here or abroad. And priced from $295 
to $495 to provide the most for the 
money. Take the IEC F34 (illustrated) 
for example. At $495, it does everything 
an oscillator can do and then some! 
Square waves and triangles, voltage 
offset, sweep, trigger, gate and pulse. 
Plus better sine wave purity than 
comparably-priced oscillators. The F34, 
like all Series 30 models, provides 
extra-special features that make ita 


9 oS hele 
CEC Vr * 


INTERSTATE ELECTRONIC 


® 1972, Interstate Electronics 


S CORPORATION (754) 772-2811 


bargain. Together with such inherent 
quality that we boast one of the indus- 
try's lowest ‘‘returned for repair’ rates. 
It may not require a 747 delivery to 
fulfill your need, but you can depend on 
IEC to deliver your new Series 30 
Function Generator on time. Our John 
Norburg is ready to answer your 
questions. Contact him now: Get com- 
plete technical data by same-day mail. 


— 


SERIES 30 HIGHLIGHTS F34: ($495) — 
Frequency Range: 0.03 Hz to 3 MHz. 
Waveforms; Sine, square, triangle, dc, pulse. 
Output Amplitude: 10 mv pp to 10 v pp into 502. 
Sine Distortion: <0.3% up to 30 kHz, <0.5% 
to 300 kHz, <2% to 3 MHz. Rise/Fall Times: 
<60 ns. Offset: +5 v into 5092. VCG Range: 
>1000:1. Operating Modes: Continuous, 
Triggered, Gated, Tone Burst, Continuous 
Sweep, Triggered Sweep. Sweep Width: up to 
1000:1. Set width directly on tuning dial. Sweep 
Time: 10usec to 100 sec. Other Features: 
Voltage Analog of Frequency, Sync Input, 
Output Limit Indicator, plug-in IC's. F33: ($395) 
—Same as F34, but without Sweep, Tone Burst 
and Voltage Analog of Frequency. F32: ($345) 
— Same as F33, but without Pulse, Trigger and 
Gate Modes and Sync Input. F31: ($295) — 
Same as F32, but without VCG and Output 
Limit Indicator. Output Amplitude is 100 mv pp 
to 10 v pp into 500 
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“A little sheer terror on the weekend 
is just what's needed to get your 


mind off other problems.” says the 
new president of CBS Laboratories. 
eas -year-old Renville H. McMann 
Jr. about the risks of his hobby, sail- 
sland flying. That argues a certain 
desirable sangfroid in the successor 
to the formidable Peter Goldmark, 
who retired from the Stamford, 
Conn., firm at the end of last year 
and who was the prime mover be- 
hind the long-playing record, field- 
sequential color TV, and electronic 
video recording (EVR). 

McMann, however, has already 
developed his own head of steam 
for directing the R&D facility. As he 
puts it, CBS Labs will expand elec- 
tron-beam and laser technology into 
applications that directly benefit 
CBS business interests in electronic 
typesetting, television broadcasting, 
and four-channel stereo recordings. 

EVR lives. On the subject of EVR, 
which has had its share of trouble 
getting started, McMann expresses 
the tenacity he learned from Gold- 
mark during their 17-year profes- 
sional relationship. “No, EVR is not 
dying,” he states firmly. “In fact, the 
lab is continuing work on the next 
generation that will involve high- 
resolution film) = production and 
eventually lead to EVR cassettes for 
wall-sized screens.” The first step is 
research into transferring television 
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Probing the news 


Management 


New CBS Labs pilot 


maps own course 


McMann plans to expand electron-beam and laser technology, 


as well as continue EVR work started by Peter Goldmark 


by Gerald M. Walker, Consumer Editor 


productions to film with sufficient 
resolution to be shown on large the- 
ater screens. 

McMann also promises new de- 
velopments in audio recording. Just 
as the LP record led to the stereo 
record and stereo led to four-chan- 
nel, there are new things to come in 
the consumer record business from 
CBS Labs. 

However, the new president 
points out, “the next couple of years 
are going to be tough for us.” First, 
the research firm has had to adjust 
to reduced Government spending, 
and drop its personnel from about 
700 back to just under 500. At the 
same time, royalties from previous 
color tube developments are coming 
to an end, so that additional royal- 
ties from EVR are becoming essen- 
tial to fill the gap. 

In the longer run, however, 
McMann is optimistic about the ex- 
pansion of technology in general 
and CBS in particular. He also sees 
an end to the popular antitech- 
nology attitude among the young. 
“People that count in science those 
who are going to be outstanding- 
couldn’t be knocked out of the ca- 
reer with anything. We won’t lose 
those with unique contributions to 
make,” he observes. 

McMann has made unique con- 
tributions of his own during his time 
at CBS and intends to continue to 
spend more time in the laboratory 
than behind his administrator’s 
desk. A holder of some two dozen 
patents, he has been interested 
television and communications 
since his father brought home a TV 
set from Westinghouse back in 
1938. “I’m proof that watching tele- 


vision over a long period can’t hurt 
you,” McMann quips. Since getting 
his BSEE from Yale in 1950, he has 
been “closely connected with things 
going to the moon.” 

Eye saver. Among these things 
has been what McMann feels is his 
most satisfying accomplishment. He 
participated in developing the 
Apollo color camera, the Minicam, 
which was based on a revival of 
Goldmark’s field-sequential system. 
The project required video signals 
to be sent from the moon in field-se- 
quential mode and converted for 
broadcasting by magnetic scan tech- 
niques to the National Television 
Standards Committee system. 

McMann began work on the cam- 
era for a far different purpose, how- 
ever. He injured his eyes in a laser 
accident, and got to know many of 
the problems “of opthalmology at 
first hand. One was the difficulty of 


examining the rear of the eye at 
vety low light levels. Recovering 
from the accident, McMann re- 


solved to do something to meet this 
requirement. He designed a low- 
light-level color camera for exam- 
ining the eye, and later helped per- 
suade NASA to use the device in the 
Apollo program. 

Normal vision has also permitted 
McMann to return to his two favor- 
ite hobbies—soaring and sports cars. 
The new president, whose quiet, de- 
liberate manner of speech belies his 
rather hectic mode of relaxation, ex- 
plains, “Flying totally occupies the 
pilot with two basic problems—how 
to find an air current to stay aloft, 
and failing that, how to get back to 
the airport without crashing on 
somebody’s farm.’ As for his 
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Sperry displays are avail- 
able in 3 digit, 2 digit, and 
1Y (7 segment character 
and a 1 with + and —) digit 
oe in both 14" and 14” 
sizes. 


TH64 


Compare panel meter displays 


» 


If you think that Nixie* tubes or LED displays are the only 

one’s you can logically use in your panel meters, you had 
_ better take a close comparison look at Sperry. The facts speak 
_ for themselves. : 


COMPARE READABILITY . . . a must require- 

_ ment. Sperry displayst can be read in direct 
sunlight with no loss of legibility. And, con- 
tinuous, “‘no-gap’’ Sperry characters make 
your panel meters a lot more attractive to 
your customers. Try the others. 


a 


COMPARE SIZE .. . it’s the housing to char- 
acter size ratio that counts. Which display do 
you want in your equipment? : i eas 


Sperry 4" Sperry 14" LED 4" Nixie* 4" 


COMPARE POWER... a very important factor. Under DC 
operation, LED’s require over 500 mW — Nixie* tubes require 
over 400 mW as compared to Sperry 14” with 200 mW and 
1%" with 370 mW. Sperry can go down even further — to 
85 mW under pulsed operation using a Sperry decoder/driver, 
without affecting readability. What about voltage? A simple, 
inexpensive DC/DC converter takes the battery voltage up to 
the 170 volts required to operate Sperry displays. 
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Add these Sperry advantages to greater clarity and brightness, 
wider viewing angle and a low cost of $2.30** per digit for 
either the 44" and 14" device and you can end the compari- 
son and specify Sperry — the right displays for your panel 
meters. Get the whole story on Sperry displays by requesting 
complete technical information using this publication’s reader 
service card or phone or write: Sperry Information Displays 
Division, Post Office 3579, Scottsdale, Arizona 85257, Tele- 
phone (602) 947-8371 


SPER<Y 


INFORMATION DISPLAYS 


COMPARE RELIABILITY . . . sim- 
plicity is the key. Sperry displays 
have no wirebonds. They are so 
ruggedly built and reliable that 
they are used aboard the Boeing 
747. Need we say more. 


Its a whole new ball game in display devices! 


SSPeRey RAND 


{Patent Pending — : : 
NIXIE is the registered trade mark of the Burroughs.Corporation. 
**Based on 5, digit quantity. 
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Centralab Push Button Switches... 
in line with your design requirements 


CENTRALAB 


ee nn et, 


Write 
Centralab 
for 
Bulletin 
No. ELC-2 


Reasons to switch from the ordinary 


Versatile Centralab push button 
switches” give you more reasons to 


change from the ones you're using now. 


Our push button switch conforms to a 
variety of specifications for consumer 
products, instrumentation, and 
industrial applications. 

Reasons? Consider these: Centralab 
is the only manufacturer to offer diallyl 
phthalate—for highest possible 
insulation resistance —as well as 
phenolic or glass alkyd. Our phenolic 
modules provide greater than 65 db 
isolation in the voice frequency range. 
Our modules are available with sealed 
terminals to avoid flux penetration and 
we can provide gold contacts and 
terminals for dry circuit applications. 

To conserve space and provide com- 
pact stacking in circuit board applica- 
tions, Centralab modules are adaptable 
to selective pin cutting or solder lug 
terminations. We offer three different 
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lockout devices to match your appli- 
cation. Functions include momentary, 
interlocking, push-push and push-pull. 
Up to 29 individual switch modules 
can be ganged on a common bracket. 
Other options include keyboard and 
row-to-row interlock. There are five 
center-to-center spacings with the 
widest variety of button colors, sizes 
and shapes. 

Or ask for lighted push button 
switches that offer all the same features 
plus interchangeable lenses and filters 
in a variety of colors to provide 
maximum utility and appeal. 

Our versatile module size line switch 
rated 3 amps at 120 V AC can be 
utilized in any position within the 
switch assembly. 

If you need more reasons to switch 
to Centralab, ask for our bulletin and 
technical data. Write Switch Sales 
Manager, Centralab. 


* Isostat Licensed 


GET CENTRALAB 

THE “IN” LINE FOR 

YOUR DESIGN 

Hybrid Microcircuits 
Pushbutton & Rotary Switches 
Capacitors 

Potentiometers 

Technical Ceramics 

Ceramic Packages 
Semiconductor Devices 


oF 


CENTRALAB 
Electronics Division 
GLOBE-UNION INC. 


5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 
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Centralab 
Distributors 
are another 


reason 
to switch 


Our field assembly distributors provide 
a proven capability for immediate 
delivery of versatile, low-cost push 
button switches.* These specialists 
offer a wide variety of lighted and non- 
lighted switches with custom assem- 
bly service to meet your design 
requirements. Three reasons to con- 
tact your Centralab push button field 
assembly distributor are the right 
switch, the right price with delivery, 


j 1 
right now! =Isostat Licensed 


Almac/Stroum Electronics 
Seattle, Washington 98109 
Phone: (206) 763-2300 


Cameradio Company 
Pittsburgh, Pennsylvania 15222 
Phone: (412) 391-7400 


Kierulff Electronics, Inc. 
Los Angeles, California 90022 
Phone: (213) 685-5511 


Pioneer-Standard Electronics, Inc. 
Cleveland, Ohio 44105 
Phone: (216) 432-0010 


Radio Distributing Company, Inc. 
South Bend, Indiana 46624 
Phone: (219) 287-2911 


Gopher Electronics Company 
St. Paul, Minnesota 55113 
Phone: (612) 645-0241 


Fisher/Brownell 
Santa Clara, California 95050 
Phone (408) 244-6182 


Hammond Electronics 
Orlando, Florida 32802 
Phone: (305) 241-6601 


Herbach & Rademan, Inc. 
Philadelphia, Pennsylvania 19134 
Phone: (215) 426-1700 


Summit Distributors, Inc. 
Buffalo, New York 14202 
Phone (716) 884-3450 


Kirkman Electronics 
Winston-Salem, N.C. 27108 
Phone (919) 724-0541 


DISTRIBUTOR PRODUCTS 


= 
OT 


CENTRALAB 
Electronics Division 
GLOBE-UNION INC. 
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Probing the news 


Porsche sports car, he tinkers with 
the machinery mainly to have some- 
thing to do with his hands that’s en- 
tirely different from electronics re- 
search. Yet research remains his 
overriding pleasure. 

“T agree with the fellow who said 
that we are getting paid to do some- 
thing five days a week that we 
would probably do for nothing on 
weekends if we had other, more rou- 
tine jobs. I like coming to work 
knowing that there’s something new 
to solve each day,” McMann asserts. 

He shares the first patents on EVR, 
invented the CBS electronic image 
enhancer to improve color broad- 
cast quality, and headed the team 
that developed a laser color film re- 
production system. He has also par- 
ticipated in the design of a color cor- 
rection device for editing TV tape. 

Both the image enhancer and the 
laser film reproduction unit have di- 
rect application to improving broad- 
casting quality and reducing broad- 
casting costs, which McMann feels 
is an important goal for the labora- 
tories. The film reproduction system 
converts television signals from tape 
to color film and cuts the cost of 


Whither Goldmark? 


producing film copies for multiple 
television showings. 

“T’ve always been oriented toward 
communications and broadcasting,” 
McMann states. “I’ve gone the ham 
radio route as a kid and once built 
my own television receiver at a time 
when I couldn’t afford to buy one.” 
While still at school, he served as a 
laboratory aide on the staff of the 
late Major Edwin H. Armstrong, the 
pioneer in fm broadcasting. After 
graduation from college he joined 
the staff of the Hartley Research 
Laboratory at Columbia University, 
and later worked at NBC _ before 
coming to CBS Laboratories. 

Science booster. By assuming a 
role as a leader in electronics R&D, 
McMann now feels he has another 
responsibility to his fellow research- 
ers, similar to the personal commit- 
ment he assumed for opthalmolog- 
ists. He plans to become active in 
telling students how science has 
contributed to the world. 

“The anti-technology pendulum 
will swing,” he concludes. “When 
they (students) get over the fad of 
damning science, they will realize 
how important it has been to every- 
one’s life. But leaders of the tech- 
nological community have to get ac- 
cess to the kids.” 


Though Peter C. Goldmark has retired as president of CBS Laboratories, 
and though he had previously refused to become a resident deep thinker 
for CBS—despite a huge salary offer, he’s not out of research yet. 

He has announced the start of a new company, Goldmark Communi- 
cations Corp., Norwalk, Conn., to concentrate on the development of sys- 
tems for cable TV, satellite communications, and the educational use of 
communications. This new firm, part of Kinney Services Inc., will attempt to 
mediate between hardware and software in communications. 

Goldmark has long had the dream of creating a vast array of communi- 
cations to bring to the home not only education but enough information to 
permit people to work at home without commuting. Both CATV and satellite 
communications play a part in this master plan. 

Goldmark, who has been heading a Presidential advisory panel on tele- 
communications for the National Academy of Engineering, said that a por- 
tion of the new company’s efforts will go into government work, Such as a 
pilot project to study the use of communications in rural living. Specifically, 
the study would focus on providing rural areas with the major advantages of 
living and working in cities, including better health care, improved educa- 
tion, new employment opportunities, and various government services. 

This project recently has been funded. Fairfield University and Gold- 
mark's firm will study communications in Connecticut's Windham County 
region. But Goldmark also expects to research the use of communications 
for urban areas, including new electronic methods of crime prevention. 

“We already have enough inventions through existing technology,’’ he 
claims. ‘‘What is really needed is innovation and the application of existing 


technology for wider use.”’ 
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AMERICAN MADE 


Tolerance 


SCHAUER 


1-Watt 


ZENERS 


Immediate Shipment 


Low Prices 


ANY voltage from 2.0 to 18.0 


Quantity Price each 
1-99 
100-499 
500-999 
00-4999 


All welded and 
brazed assembly 


No fragile 
nail heads 


Write for complete 


rating data and other 
tolerance prices. 


Save 


Kit contains a 51-piece assortment 
of SCHAUER 1% tolerance 1-watt 
zeners covering the voltage range 
of 2.7 to 16.0. Three diodes of each 
voltage packaged in reusable poly 
bags. Stored in a handy file box. 
Contact your distributor or order 
direct. 


A $54.57 value for 


ONLY $7 450 


Semiconductor Division 


SCHAUER 


Manufacturing Corp. 
4514 Alpine Ave. Cincinnati, Ohio 45242 
Telephone: 513/791-3030 
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Probing the news 


Marketing 


LSI buyers must learn 
to think subsystems 


By switching the emphasis to subsystems, LSI is pushing 


purchasing and engineering into closer cooperation 


by Stephen Wm. Fields, San Francisco bureau manager 


Large-scale integration is forcing a 
change in the relationship between 
design engineer and purchasing 
agent. As LSI becomes more com- 
plex, purchasing agents will no 
longer buy parts, but subsystems. 

That’s the view of many semicon- 
ductor-house executives, including 
Floyd Kvamme, vice president for 
marketing at National Semicon- 
ductor Corp. To get his point across, 
Kvamme divides everything elec- 
tronic—from auto radios to comput- 
ers—into five subsystems: an input 
interface, a processor, a memory, an 
output interface, and a power sup- 
ply. And LsI, more and more, is 
wrapping each of those functions in 
one package. 

Shift. Convinced of the impor- 
tance of this shift toward subsys- 
tems, the Santa Clara, Calif., com- 
pany decided to alter its traditional 
customer liaison efforts, educating 
both buyers and engineers about 
what the new subsystems can do. 
The first of a series of these semi- 
nars was held in December, and fu- 
ture sessions are planned for San 
Diego, San Francisco, Seattle, and 
Phoenix. 

“Precise system cost evaluation,” 
says Kvamme, “may require pur- 
chasing and engineering depart- 
ments to work together early in the 
design cycle.” Purchasing would 
provide accurate cost information, 
while engineering would weigh 
technical factors in the IC choice. 

Even after the basic system is de- 
signed, Kvamme says that purchas- 
ing officials can look at alternative 
ways of implementing the overall 
system. For example, Kvamme tells 
of the purchasing agent who was 


Customer service. 


National Semicon- 
ductor’s Kvamme says there are ways to 
buy LSI economically. 
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told to cut system cost by $10. So he 
went to the IC vendors and told 
them they had to lower their prices. 
“We [National Semiconductor] went 
in and found that because each sec- 
tion had been designed by a sepa- 
rate group, the input signals were 
being tailored for the processor, but 
the processor was re-tailoring them 
anyway. The result was that there 
were four unneeded ICs. By elimi- 
nating these, the buyer saved $8, 
and he probably saved the other $2 
because of the reduction in the 
number of pins on the card.” 

Blocks. And, as design functions 
become more generalized, the sub- 
systems performing those functions 
are becoming highly specialized. 
The LsI building blocks which form 
today’s systems are often only avail- 
able from a single supplier, says 
Kvamme. The buyer must realize 
that the engineer can configure the 
same system in several ways, out of 
different chip sets. 

The problem is not just one of in- 
terplay between engineering and 
purchasing, Kvamme explains, but 
that “many companies are also di- 
vided along sharp lines within engi- 
neering. No one is looking at the to- 
tal system, and as a result, there is 
overdesign, and it all lands in the 
lap of the purchasing agent.” 

“Before LSI,” says Kvamme, “the 
processor and the memory made up 
90% of the circuitry, but now the in- 
put and the output interfaces to the 
processor make up most of the sys- 
tem.” And while this makes some 
things easier for both purchasing 
agent and designer, it brings in an- 
other complication—custom LSI. 

Several semiconductor compa- 
nies—National, Intel, Fairchild and 
Varadyne, among them—offer pro- 
cessors that can be employed in a 
variety of systems, and many com- 
panies offer standard memory prod- 
ucts. But the input and output inter- 
faces which formerly were relatively 
simple because the processor was 
specially designed, now constitute a 
complex design problem which is 
being solved through custom LSI. 

Here National’s seminar points 
out that “there is custom LSI, and 
semi-custom LSI,” and the buyer 
must be aware of the tradeoffs. The 
seminars are aimed at increasing the 
alertness of the buyer and design 
engineer to such problems. O 
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AREER PLUGGIIG 


A highly reliable solid state high frequency transmitter — ‘build 

it in the field’. 

Hermes Electronics Limited manufacturers a 100W Broadband 

linear amplifier which replaces tubes in power output stages. 

The 100W modules may be used singly or in groups to provide 

power output levels from 100 watts to many kilowatts. The 

amplifier has interface compatibility with the transmitter used 

in the majority of MANPACK systems, and with most mobile, 

airborne and fixed ground transmitter exciters. 

It covers the frequency range 2MHz to 32 MHz and in combina- 

tion can achieve power outputs to 5KW. 

%* unique cooling system gives high reliability under adverse 
conditions 

* constructed for vehicular use 

* embodies overload protection 

Hermes Electronics Limited can plug you into a wide range of 

HF equipment. 


ASK US 


Hermes Electronics Limited 
Suite 315 

2020 F. St., N.W. 
Washington, D.C. 20006 


Telephone 202 296 2978 
TWX 710 822 1106 
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Only Electronics takes" 
you into all 5 audience dimensions 


1.Management Dimension 2.Technical Dimension 3.iInternational Dimension 
4.Purchasing Dimension 5.Reader Involvement Dimension 


Le are vitally 
important to their companies, and 
therefore must be important to you: 
58,000 (67%) have a management re- 
sponsibility. 

48,000 (56%) are responsible for their 
companies’ profit. 

68,000 (79%) travel on business for 
their companies — 31% make more 
than 7 trips per year. 

2. are deter- 
mining the technical and business 
futures of their companies. They're 
also determining yours: 

70,000 (81%) have engineering job 
functions. 

69,000 (80%) participate in business, 
product or technology planning. 
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74,000 (86%) do or supervise design 
work. 


3. are where 
you need them: 

76,000 (88%) work in the worldwide 
electronics original equipment market. 
7,600 (9%) more, work in vital ‘‘user’’ 
markets. 

44,000 (52%) work in the five major 
growth markets of the '70’s—comput- 
ers, communications, instrumentation, 
industrial controls and consumer pro- 
ducts. 


4. buy your 
products: 

73,000 (85%) select vendors. 

23,000 (26%) recommend, approve or 


specify purchases in excess of $100,- 
000 per year. 

70,000 (82%) buy passive compo- 
nents. 

71,000 (83%) buy control and display 
components. 

77,000 (90%) buy active components. 
75,000 (88%) buy instruments and test 
equipment. 


5. depend on 
Electronics: 

55,000 (64%) read it at home. 

41,000 (48%) spend more than one 
hour reading each issue. 

25,000 (29%) do not read any of the 
next six publications in the field. 
55,000 (64%) do not read the second 
publication in the field. 

68,000 (79%) do not read the third 
publication in the field. 

It all adds up to this one crucial 
point—a magazine’s power is only as 
great as the power of its readers. Only 
Electronics takes you into all 5 audi- 
ence dimensions. For complete de- 
tails on this new reader profile study, 
contact your nearest Electronics ad- 
vertising district manager. 
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Reach the buyers for your 
product where they’re at. 


Beginning with the January 3, 
1972 issue, Electronics offers 
advertisers four different market- 
coverage opportunities. 


a. Full-Run. Advertisers may reach the 
Electronics worldwide audience of 
86,000 with one advertising message. 
Full-run advertising rates are lowest 
on a cost-per-thousand basis. Full- 
run space earns frequency discounts 
for all other options. 


b. Full-Run, Copy Split. Advertisers 
may reach Electronics worldwide 
audience with two or more advertising 
messages. Full-run rates apply, plus 
split-run charge. A standard domestic- 
overseas split is available at low 
charge. Full-run split advertising 
space earns frequency discounts for 
other options. 

c. International Advertising. Adver- 
tisers may elect to reach only the 
Electronics overseas audience of 
16,000 through the International Ad- 
vertising Section, which is available 
in all issues. IAS space earns fre- 
quency discounts only for IAS adver- 
tising. 

d. Domestic Advertising. Advertisers 
may elect to reach only the Electronics 
U.S. and Canadian audience. This op- 
tion is available every issue but pub- 
lisher reserves the right to restrict 
space to 12 pages per issue. Space 
units of full page or larger only. 
Domestic advertising space earns fre- 
quency discounts for domestic adver- 
tising only. 


Electronics offers free proof 
of advertising effectiveness. 


For 1972, Electronics offers you a free 
inquiry follow-up service—Buyer Ac- 
tion Measurement (BAM). It can deter- 
mine for you just where the buying 
action is for your product. BAM has 
a tremendous memory bank which 
enables you to get unusual and critical 
information on products you advertise. 
And, Electronics is the only magazine 
in its field to offer any such service 
with BAM's capability. Here’s how 
BAM works: 

1. When a prospective buyer circles a 
number on the Electronics Reader 
Service Card, he also checks off his 
industry classification. When the card 
is received by BAM, the information is 
stored in the computer. Question- 
naires are then mailed to the request- 
ees to determine the action taken. The 
response to these questionnaires is 
also stored in the computer. 


2. BAM then produces a printout table 
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~ Jan 17 


Aug 14 


that tells you number of requests for 
information, number of questionnaires 
returned from requestees, the percent 
of response, five types of action taken 
by respondents, number and percent 
of sales actions taken—all broken 
down by industry classification. 

3. In addition, BAM gives you a com- 
parison report showing the action 
taken by your customers and pros- 
pects on all similar products to yours 
that were advertised in the same issue. 
4. And, as a final service, BAM offers 
a cumulative comparison report, by 
product, of all the issues studied. From 
this, you can determine where the 


sales actions for your type of product 
come from over a period of time. 


Electronics offers AD COM—Adver- 
tising Communications Evaluation — 
the most comprehensive advertising 
readership service available any- 
where. It tells you, through 100 per- 
sonal interviews, the percent of 
respondents who remembered seeing 
your ad and remembered reading it. 
It also tells you whether your message 
got through and whether it was be- 
lievable. Finally, it tells you the per- 
centage of readers who took or plan 
to take action as a result of reading 
your advertisement. 


1972 ADVERTISING SCHEDULING GUIDE 


Use this convenient advertising 
scheduling guide to take full ad- 
vantage of special issues and re- 
ports, as well as those issues 
which are scheduled for BAM and 


AD COM. You will be notified well 
in advance of closing dates of the 
additional special reports and stud- 
ies as they become scheduled. 
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SPECIAL REPORTS 


_ ISSUE CLOSING» CYCLES 
Jan3 


Annual U.S. Markets Report - 


Dec 24 


Jan 31_ 


Jan 7 | 


Jan 21 


Dec 10 
Feb 14 Al 


Feb28 © Feb4 


Mar13 | Feb18 


IEEE Preview 


Mar 27 Mar 3 


Apr10 Mar 17 


Apr24 Mar 31 


May 8 t Apr 14 
May 22 Apr 28 


June 5 May 12 


June 19 May 26 _ 


Jul 3 June 9 


Jul17 | June 23 | 


Se pa PO | 


Juet- | due 
Jul 21 


is 


Aug 28 Aug 4 
Sept11 | Aug 18 


‘Wescon I Preview _ 


Sept 25 | Sept 1 


Oct9 | Sept15 — 


Oct 23. Sept29_ 


Nov6 Oct 13 


Nov 20 Oct 27 


Dec 4 Nov 10 


Dec18 | Nov24 


seudwdne cc 


+t 
—_ Markets Report © 
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Get the whole picture. 


For the total picture of what the five- 
dimensional audience of Electronics 
can do for you, contact your local 
Electronics district manager. 

That’s also where you can get a 
complete copy of our new Interna- 
tional Profile Study, as well as the 
recently-completed European Product 
Preference Poll and the domestic 


Product Preference poll. Plus the 1972 
Electronics rate card. 

You can't sell to the world’s elec- 
tronics markets unless you reach all 
five audience dimensions. 


Electronics 


The International Magazine® ur 
of Electronics Technology w¢fitg 
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Most 


of the semiconductor 
memory systems built 
and operating today use the 


AMS 6002 MOS RAM, 


The AMS 6002 MOS RAM has already established more than 
16 million hours of field performance in more than 
40 installations. Six months after its introduction, the 6002 is still the 
fastest 1024-bit RAM available with 150 nanosecond access and 
250 nanosecond cycle times. It is the only MOS RAM that utilizes 
field-proven P-channel processing and a ceramic package. 


That’s why most of the systems out there today use the 6002. 
Shouldn’t you? 


ALAS 


Advanced Memory Systems, 1276 Hammerwood Avenue, Sunnyvale, Ca94086 (408) 734-4330 


Powell/ Philadelphia Poweli/Washington Powell/Huntsville Powell/Florida Powell/California Powell/California 
S. Island Road/Box 8765 10728 Hanna Street Box 488, Fayetteville 2049 W. Central Blvd 411 Fairchild Dr./Box 997 Southern California 
Philadelphia, Pa. 19101 Beltsville, Md. 20705 Tenn. 37334 Orlando, Fla. 32814 Mountain View, Ca.94040 = (213) 988-3330 
(215) 724-1900 (301) 474-1030 (615) 433-5737 (305) 423-8586 (415) 964-0820 (213) 873-6431 


Apollo Electronics, Inc. 
101 Binney Street 
Cambridge, Mass. 02115 
(617) 868-3120 
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New products 


Circuit analyzer 
does factory-type 
tests in the field 


by Stephen Wm. Fields, San Francisco bureau manager 


Suitcase-size instrument 
with readout in its probe 
helps to isolate faults 

on digital logic boards 


Testing digital printed-circuit 
boards in the field usually means 
checking the outputs with an oscil- 
loscope or voltmeter, and, if the 
faults are not found, shipping the 
boards back to the factory. This 
method works so long as the factory 
is still in production on that type of 
board, and testers can check it out 
quickly. 

But Dan Marshall, marketing 
manager at Data Test Corp., Con- 
cord, Calif., says, “Usually, this is 
not the case. Either the factory has 
stopped producing the board, or its 
testers are so backed up checking 
production runs that it becomes im- 
practical to test field failures. In one 
case, we found that 40% of the re- 
turned boards were actually good.” 

Data Test’s solution to the prob- 
lem is its model 2000 portable cir- 
cuit analyzer. 

The tester is packaged in a rugged 
aluminum case built to airline 
carry-on specifications (21 by 13 by 
7 inches) and weighs only 30 
pounds, complete with everything 
needed to check out and diagnose 
digital logic boards. 

Two runs. The model 2000 oper- 
ates on the same principle as the 
company’s large semiautomatic and 
automatic testers such as the 4000 or 
4700. [Electronics, Oct. 12, 1970, 
p. 149]. When a sequence of digital 
events is applied to the inputs of a 
pe board, each output goes through 
a certain number of transitions, de- 
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termined by the logic on the card. 
To make sure that the board is al- 
ways at an initial state when the 
tests are begun, the test sequence is 
run twice—during the first time, the 
board is reset, and during the sec- 
ond time, the output transitions are 
counted. On certain boards, where a 
reset line is not available at the out- 
put connector, a jumper can be con- 
nected directly to the integrated cir- 
cuit on the board to reset it. But, 
Marshall explains, “Most board de- 
signers include a reset line for their 
own use, and so it is available to 
us.” 

Exercise for all. The input signal 
is a gray code in which only one bit 
changes at a time. As the code is ap- 
plied to the inputs, the board is put 
through every possible state, so that 
the outputs are all completely exer- 
cised. 

In testing a board, the number of 
transitions at an output is noted and 
compared with those on a _ board 


that is known to be good. If the 
count is the same for an output on 
the board under test, that particular 
output is good; if the counts check 
out for all of the outputs, the board 
is good, 

Anywhere. In diagnosing circuits, 
the counts for various points on the 
board can be used. Thus, if a par- 
ticular output is faulty, the test 
probe can be placed at some inter- 
mediate point. and the circuit can 
be checked all the way back to the 
input. This method works if the cor- 
rect counts from a good board are 
known. For checking intermittent 
failures, the tester has a_ recycle 
mode in which the test sequence is 
repeated over and over indefinitely. 

Marshall says that many com- 
panies that will be interested in the 
2000 already have model 4000 or 
4700 automatic testers at their facto- 
ries; therefore, transition counts 
used at the factory will apply in the 
field. However, if counts are un- 


On the move. Circuit analyzer in suitcase 
that's airline carry-on size has four-digit LED 
display built into test probe. It has everything 
needed to test logic boards. 
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SIMPSON 


INSTRUMENTS THAT STAY ACCURATE 


6-digit 


frequency counter 


Sinyp Mm 2726 


only $575 


+0.001% accuracy 

Direct measurement to 32 MHz 
Period averaging, single or multiple 
Frequency ratio, single or multiple 
Time interval and count totalization 
Switch-selectable sensitivity control 
Solid state... integrated circuits 

7 time bases, crystal controlled 
Automatic overrange indication 

9 digit resolution 


Also available with 5 digits, Model 2725A, 


same features as above, $525 


For further information or demonstration see your local instru- 
mentation products distributor or write for bulletin 368C. 
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SIMPSON ELECTRIC COMPANY 
5200 W. Kinzie St., Chicago, Illinois 60644 


model 2726 


DIVISION 


known, the service man can get 
them himself from a known good 
board. 

Slipping no problem. The com- 
plete 2000 tester consists of four 
programable power supplies, a test 
module, a program matrix board for 
the inputs, and a digital counter 
with a four-digit light-emitting- 
diode display built into the test 
probe. “With the counter and read- 
out built right into the probe,” says 
Marshall, “the user doesn’t have to 
take his eyes off the board, and thus, 
the possibility of the probe’s slip- 
ping is almost eliminated.” 

The power supplies include one 
that provides from 3 to 6 volts at 3 
amperes and three that can provide 
from 2 to 30V, either positive or neg- 
ative, at 1A. 

Matrix overlay templates—along 
with shorting, resistor, or diode 
pins—are used for input program- 
ing. Marshall points out that in 
companies where many board types 
have to be field-tested, the overlays 
for them simply can be prepunched 
at the factory. 

The test module is actually an 
adapter panel that allows the board 
under test to be plugged directly 
into the tester. Only one adapter is 
needed per board family if the con- 
nector is the same for all boards in 
that family. Up to 100 input pins 
can be accommodated. The outputs 
are brought out to a strip on the 
adapter. 

Shifters can be shifted. The 2000 
comes equipped to test diode-tran- 
sistor-logic and transistor-transistor- 
logic circuits. But because the input 
buffer boards are readily accessible 
through a slot in the front of the 
tester, the TTL boards can be 
swapped with MOs-level shifters or 
level shifters for any type of logic. 

The Datatest 2000’s probe itself 
contains an adjustment for logic 
threshold—it can be adjusted from 
-l0v to +10v. And because the 
counter is in the probe, input im- 
pedances can be kept high— on the 
order of 10 megohms— and input 
capacitances can be kept low— 
about 20 picofarads. 

The model 2000, complete with 
counter/probe and one test adapter, 
sells for $3,800. As of next month, 
delivery time is 30 days. 

Data Test Corp., 822 Challenge Drive, 
Concord, Calif. 94520 [338] 
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Components 
A-d converter 
puts out 16 bits 


Unit, consisting of two 
modules on card, offers 
accuracy to 0.0015% 


Resolving an analog signal into a 
16-bit digital word means that the 
least significant bit (LSB) is equal to 
1S millionths of the input. Some 
laboratory and_ scientific appli- 
cations need this kind of precision, 
and then the user must be sure the 
16-bit analog-to-digital converter 
provides accuracy within | LSB to be 
compatible with 16-bit resolution. 
Analog Devices Inc., is offering this 
performance in its new 16-bit con- 


One 1 


ou 
OS. 
os 
Zt 
<oa* 


Gain 


verter, the ADC-16Q, selling for 
$1,350. 

Prior to the ADC-16Q, such resolu- 
tion often required a relay-rack full 
of modules and components, and 
the error was several times greater 
than the | LsB. The new instrument, 
however, consists of only two mod- 
ules mounted on a 4'2-by-6-inch 
card. 

The converter is an extension of 
the company’s ADC-12Q, a 12-bit 
converter. Thus, no new conversion 
technique has been used. Providing 
this ultra-resolution is a matter of 
“painstaking care in selecting com- 
ponents for the ADC and closely 
controlling the device’s manufac- 
ture,” says Cyril H. Brown, market- 
ing manager for converter products. 

Since the ADC-16Q is based on the 
successive-approximation tech- 
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nique, it contains a digital-to-analog 
converter. The accuracy of the a-d 
converter depends on the accuracy 
of the d-a converter, which contains 


50 to 60 components; about 40 of 


these, says Brown, must operate 
with a temperature coefficient of +] 
part per million per degree centi- 
grade. The internal zener reference 
is the best available, says Brown. 
Data conversion itself takes only 
400 microseconds. However, an in- 
put buffer amplifier, included to re- 
duce common-mode noise, takes 


time to settle to within 0.0015% of 


the input signal—to reach accuracy 
limits—despite the excellent gain- 
bandwidth product of the amplifier. 
Thus, with the amplifier, conversion 
to stated accuracy takes 4 milli- 
seconds. 

For extremely low-noise situ- 
ations, the buffer amplifier can be 
bypassed, thus reducing conversion 
time. However, says Brown, less 
than 150 microvolts of common- 
mode noise, equivalent to | LSB for 
this 16-bit converter, would be un- 
usual. The common-mode rejection 
ratio, using the buffer amplifier, is 
100 decibels from de to 100 hertz. 

Linearity error and gain error are 
each specified as 15 ppm maximum 
at 25° C +2° C. Maintaining the a-d 
converter within this temperature 
range is consistent with the labora- 
tory environment, where the unit 
will probably be used in scientific 
applications that need the wide 
dynamic range of 16-bit resolution. 
In fact, says Brown, the ADC-16Q is 
the only 16-bit a-d converter that 
does not use a programable gain 
amplifier to provide the 65,536-to-| 
dynamic range implicit in 16-bit 
conversion. 

Analog Devices Inc., Rte. 1, Industrial Park, 
Norwood, Mass. 02062 [341] 


Carbon film resistors offer 
high stability, low noise 


New 's-, 4-, and '4-watt carbon film 
resistors are highly stable under 
moisture conditions and have low 
noise-generating levels compared to 
carbon-composition resistors. Called 
the Little Rebels. the units have a 


tolerance of +5% and offer a resist- 
ance range from | ohm to | 
megohm. OEM quantities of 1,000 or 
more resistors per value are avail- 
able in bulk packs. End-tape-reel 
packaging is also offered. 

Ohmite Manufacturing Co., 3601 W. Howard 
St., Skokie, Ill. 60076 [343] 


Thermistor combines bead, 
heating unit in glass bulb 


The model K365 thermistor com- 
bines a heating element with a ther- 
mistor bead enclosed in a glass bulb. 
The K365 is unaffected by changes 
in ambient temperature conditions 
and when power is applied directly 
to the bead, the magnitude of the 
temperature change is based on a 
temperature increase of I°C_ per 
each 0.015 milliwatt (nominal). Ap- 
plied power of 0.04 mW (nominal) 
to the heater element will cause the 
element to heat the thermistor bead 


PARIS, APRIL 6, 7, 8, 10 AND 11, 1972 
PORTE DE VERSAILLES 


5" 


INTERNATIONAL 
ELECTRONIC 
COMPONENTS 
EXHIBITION 


The world’s most important event 
in the electronic field. 


Organized by the S.D.S.A. 


For further information and complimentary entrance card please contact : 


French Trade Shows, 1350 Avenue of the Americas, 
New York, N.Y. 10019. Tel. (212) 582.4960 


Detach here 


| would like to receive information on the 15th Paris International Electronic Compo- 
nents Exhibition, as well as an entrance card. 
Name Title 
Company 
Address _ 
Zip code 


Please send this coupon to : FRENCH TRADE SHOWS, 1350 Avenue of the Americas, 
New York, N. Y. 10019. 
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New products 


indirectly, resulting in a tempera- 
ture increase of 1°C. This also 
changes the resistance on a typical 
curve of heater power vs. bead re- 
sistance from 50,000 ohms to 15,000 
ohms. 

Fenwal Electronics Inc., 63 Fountain St., 
Framingham, Mass. 01701 [345] 


Keyboard switch rated for 
10 million operations ‘ 


A mechanical keyboard switch with 
a life in excess of 10 million oper- 


ations has single-pole, single-throw 


Sas 
Bs Et 
eye 


! 


——— 1 
contacts enclosed within a housing 
0.625 inch square by 0.828 in. high. 
The moving contacts, of bifurcated 
gold construction, are arranged to 
provide self-cleaning wiping action. 
Operating force is 2.5 ounces, +0.50 
ounces, and price is under 30 cents 
in large quantities. 

Amphenol Controls Div., Switch Operations 
419 South Arch St., Janesville, Wis. 53545 
[348] Ai 


Chip capacitor provides 
values up to 1,000 pF 


A ceramic capacitor has a capaci- 
tance range from 47 to 1.000 picofa- 
rads at a working voltage of 50 volts 
dc. Tolerances available are F 
(+1%), G (+2%), J (45%), K 
(+10%), and M (+20%). The termi- 
nations are made from palladium- + 
silver, and the package is approxi- 
mately 50 mils square. Price of the 
model ATC 700 starts at 40 cents for 
the K-tolerance model in 1,000 lots. 
American Technical Ceramics, 1 Norden 
Lane, Huntington Station, N.Y. 11746 [346] 
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New products 


Instruments 


Pulser family 
reaches 50 MHz 


Constant-duty-cycle mode, 
adjustable rise-fall time 
are featured in top models 


Designed for the instrument buyer 
who wants to pay only for the mea- 
surements he needs, a line of 50- 
megahertz pulse generators devel- 
oped by Interstate Electronics Corp. 
offers a wide variety of capabilities 


and a price range that runs all the 
way from $300 to $900. 

All four pulsers in the series pro- 
vide repetition rates from | hertz to 
50 MHz, a pulse-width range of 10 
nanoseconds to | second, and a con- 
tinuously adjustable output ampli- 
tude of up to 5 volts into 50 ohms. 

To be priced at about $300, the 
model P21 is the least expensive 
member of the family. It has two 
complementary outputs—both with 
positive polarity—and fixed rise and 
fall times of 5 ns. 

For approximately $400, the 
model P22 offers everything the P21 
has, plus a delay control (variable 
from 10 ns to 1s), dual-polarity out- 
puts, a sync output, a six-position 
mode-control switch, and a warning 
light that goes on if the instrument 
is not being triggered properly. 

Models P22, P23, and P24 feature 
the constant-duty-cycle mode, in 
which the pulse width automatically 
changes as the repetition rate is var- 
ied to maintain any desired duty 
cycle from 5% to 95%. Other modes 
include square-wave, trigger (single 
pulse), gate (generation of pulses as 
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long as the gate is open), and a 
width mode in which the generator 
acts as a pulse amplifier, producing 
an output pulse with the same width 
as the input but with adjustable de- 
lay and amplitude. 

The model P23, at about $600, 
does everything the P22 can do and 
has a 3.5-ns rise and fall time plus 
variable dc offsets of both outputs. 

The P24, with a price of about 
$900, also includes the ability to ad- 
just, independently, the rise and fall 
times of each output over a range 
from 5 ns to 500 milliseconds. In ad- 
dition, this model’s warning light 
will blink if the user asks the instru- 
ment to do the impossible: setting 
the repetition rate to | MHz and the 
pulse width to 100 ps, for example. 

The instruments will not be ready 
for delivery until June; however, 
preproduction models will be on 
display at Interstate’s booth at the 
IEEE show in March. 

Interstate Electronics Corp., 707 East Ver- 
mont Ave., P.O. Box 3117, Anaheim, Calif. 
92805 [351] 


Linear amplifier delivers 
5 watts over 250 megahertz 


Getting 5 watts of power out of a 
linear amplifier is not exactly an 
earth-shaking achievement. Neither 
is a bandwidth that extends from 100 
kilohertz to 250 megahertz. But 
when the user gets both from the 
same all-solid-state unit, then he has 
a highly useful instrumentation am- 
plifier at his disposal. 

Electronic Navigation Industries’ 
model 406L has a fixed-gain of ap- 
proximately 40 decibels and a gain 
variation of less than +1.5 dB over 
the frequency range from 100 kHz to 
250 MHz. Harmonic distortion is 
typically 25 dB down at 5 w, and 30 
dB down at 4 W. The third-order in- 
termodulation intercept point is typ- 
ically +47 dBm. 

Selling at $1,500, the 406L has the 
ability to work into any load imped- 
ance—from an open circuit to a 
dead short—for an unlimited length 
of time without sustaining any dam- 
age. It is therefore an ideal driver 
for such variable-impedance devices 
as ultrasonic transducers. 


The amplifier will accept cw, a-m, 
fm, single sideband, pulse, noise, 
and other complex modulations, 
limited only by their bandwidths 
and peak-power levels. 

The unit measures 6 by 8% by 15 
inches and weighs 18 pounds. 
Electronic Navigation Industries, Inc. 3000 
Winton Road South, Rochester, N.Y. 14623 
[352] 


Low-priced tester probes 
individual LSI circuits 


Causes of failure in large-scale inte- 
grated chips cannot readily be pin- 
pointed unless the troubleshooter 
can probe inside the individual cir- 
cuits. But, since the components on 
the chip are microscopic, trouble- 
shooting is difficult. Comaltest Inc. 
tackled the problem earlier with a 
microtest prober called the Mark 
Ten and now has introduced a low- 
priced model called the Mark Six 
that sells for $4,800. 

The probe’s needle has a tip that 
is less than one micrometer in 
radius, and four high-ratio micro- 
positioners are provided to allow 
probing of individual transistors on 
LSI arrays. Up to 10 micro- 
positioners can be mounted in the 
baseplate. Another feature is a 
fixed-focus camera with a shock- 
mounted shutter that permits mag- 
nification of photos up to 500x. 

The price of the Mark Six in- 
cludes a one-day training program. 
Delivery from stock takes up to four 
weeks. 

Comaltest Inc., Commerce Dr., Danbury, 
Conn. 06810 [353] 


Picoammeter measures from 
1 pA to 30 mA in 18 ranges 


A dc picoammeter for measuring 
currents in such devices as vidicons, 
photomultiplier tubes, and mass 
spectrometry equipment is desig- 
nated the wv-SI11A. It operates in 
the range of from | pA to 30 mA in 
18 overlapping ranges. Accuracy is 
within +3% of full-scale reading, 
and zero drift is less than +2% each 
24-hour period. The design also al- 


Rotrons _ 
New Vanguard 
Blowers 


Have a Lot of 
GUTS 


THE ROTRON®-BUILT MULTI-SLOT PSC MOTOR 


O PERMANENT SPLIT-CAPACITOR DESIGN 0 PERMANENTLY 
LUBRICATED BALL-BEARINGS () PRECISION MACHINED 
ALUMINUM MOTOR HOUSING INSURES LONGER BEARING 
LIFE O FINISHED AIR-GAP SURFACES PREVENT CORROSION 
CL] EPOXY GROUND INSULATION 


Vanguard blowers provide high volume cooling air for electronic 
systems and other commercial applications. Their advanced design 
and rugged construction assure performance and reliability at the 
lowest noise levels in the industry...at commercial blower prices. 


11 models: 5 Simplex, delivering up to 310 cfm; 6 Duplex, delivering 
over 600 cfm. Configurations and mounting options available to 
meet a wide variety of installation requirements. 


Write today for detailed information. Specify catalog H-3380. 


Why settle for less when the best costs no more? 


INCORPORATED 


Woodstock, New York 12498 [) Phone 914 « 679-2401 () TWX 510-247-9033 


PACIFIC DIVISION, Burbank, California 91506, Phone 213 ¢ 849-7871 
ROTRON N.V., Breda, The Netherlands, Phone: 49550, Telex 844-54074 
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lows the instrument to be used as a 
high-input-resistance voltmeter in 
many applications that require an 
electrometer-type measuring device. 
Price is about $250. 

RCA Test Equipment and Accessories, Harri- 
son, N.J. 07029 [356] 


Directional rf wattmeter 
covers ranges below 1 W 


Most directional rf wattmeters cover 
from 5 watts to 250 kilowatts, with 
some exceptions that go down to | 
Ww. The Thruline model 4330 milli- 
wattmeter provides a range of non- 
terminating rf power output mea- 
surements below | w for signal gen- 
erators and transceivers. It samples 
the signal in an integral section of a 


50-ohm precision transmission line 
with plug-in elements for different 
frequency bands within the range of 
60-2300 MHz. Each element has 
dual power ranges of 200 mW and 
800 mw full scale, which are switch- 
able on the front panel. Price is $125 
for the meter, and the plug-ins sell 
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for $60 to $80. 
Bird Electronic Corp., 30303 Aurora Rd 
Cleveland, Ohio 44139 [355] 


Indicator’s cold-junction 
compensation is automatic 


A digital thermocouple indicator 
called the ELPH measures 1.68 in. by 
3.92 in. (panel cutout dimensions). 
Accuracy is |° for indication of tem- 


peratures from 0° to 1999° F or C. 
Resolution is 1°, one digit repeat- 
ability, and approximately five 
readings per second. Cold-junction 
compensation is automatic and am- 
bient operating range is 40° to 
120° F. Temperature indication is 
given of reversed thermocouple and 
thermocouple burnout. 

Thermo Electric, Saddle Brook, N.J. [354] 


Trigger generator is for 
burst, single shot waves 


A voltage controlled function gener- 
ator with a trigger and gate capabil- 
ity is for single-shot and burst wave- 
forms. Frequency range is from 
0.0001 Hz to 11 MHz. The model 
7050 generates sine, square, 
triangle, ramp, pulse, and sync 
waveforms: continuous, single-shot, 
or burst. Output on all waves is 30 v 
peak-to-peak into an open circuit or 
15 Vv peak-to-peak into 50 ohms, ex- 
cept in fixed offset operation when 
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37CONFIGURATIONG.... 
OFF THE SHELF...AND ITS 


Everybody’s talking about DDC’s new A-Series synchro or resolver 
converters. And no wonder: You can assemble your own converter 
in your own way, to your own specifications, using low-cost off-the- 
shelf modules! And when it’s all assembled, you get a lot more: 

* Errorless tracking. To 4 RPS as a result of a Type II servo loop. 

« Wide range of synchro or resolver conversion. A/D, D/A 60 Hz, 
400 Hz, single speed, multispeed, binary, BCD, etc., etc., etc. 

* Available for either commercial or military operating tempera- 
tures. Each module measures only 1.5 x 2.2 x .61. 

* High reliability. Built-in test circuitry. All MIL grade parts, 
hermetic components. Qualified for airborne applications. 

* Immediate availability. The 10 basic modules are available 
now, off the shelf. And they’re fully interchangeable: no trim- 
ming or adjustment necessary. 

When you can assemble your own 
custom converter at so little cost it 
doesn’t pay to design, breadboard 
test, de-bug and build, does it? 
Please let us tell you more about it. 
And about the rest of our data con- 
version and signal conditioning de- 
vices. Write us. Or phone direct to (One Oe eae elon ovetom. 
either Steve Muth or Jim Sheahan. 

(516) 433-5330. 


SYNCHRO CONVERTERS 


ILC DATA DEVICE CORPORATION 
100 TEC STREET, HICKSVILLE, N.Y. 11801 
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Megohmmeter and Hipot? 


YES! For true integrity in HV bench- 

testing of electrical or electronic equipment 

—you need both! Megohmmeter to test insulation 
resistance (IR) .. . Hipot to test dielectric strength. 


HIPOTRONICS OFFERS 
a full line of high 
resistance megohm- 
meters — 

sixteen 

models with 

ranges to 
20,000,000 
megohms and 

high current 
capability for 

testing insulation 
resistance to ASTM 


New products 


the output is at half the voltage set- 
ting. 

Exact Electronics Inc., Box 160, Hillsboro, 
Ore. 97123 [357] 


specification D-257, MIL, and UL standards. 
HIPOTRONICS ALSO OFFERS 

a full line of AC/DC hipots — twenty-seven 
models with ranges to 10KV AC and 25 KV 
DC for non-destructive measurement of 


leakage current, corona discharge, 
AC and DC insulation strength. 
HIPOTRONICS GUARANTEES 
complete high voltage — high 
resistance capability for thorough 


testing of switches... motors ...coils...chokes... insulation 
... transformers ...cables...electrical/electronic assemblies 


.., harnesses...and more. 


For more information write or call our marketing department 


tor brochures HP7101 and HP7107. 


® BREWSTER, N. Y. 10509 
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The microwave electronic oven is the 
newest kitchen miracle. It cooks a 
cupcake in 15 seconds. A hot dog in 
30. This one by the Heath Company 
is doubly unique. It comes in Heath's 
famous kit form. 


Hansen supplies the Synchron® 
motor that operates a‘‘stirrer” to keep 
the electronic cooking molecules 
evenly distributed throughout the 
oven. Synchron motors were select- 
ed because consumers expect appli- 
ances to last up to 20 years. Then, 
too, Heath has a reputation for top- 
quality components. Nothing but the 
finest will do for the sophisticated 
Heath do-it-yourselfer. 


If you also require long life and de- 
pendability, specify Hansen 
Synchron motors. 


MFG. CO., INC. 
Princeton, Indiana 47670 


HANSEN REPRESENTATIVES: Carey & Associates, Houston and Dallas, Texas; R. S. Hopkins 
Co., Sherman Oaks, Calif.; Melchior Associates, Inc., San Carlos, Calif., The Fromm Co., River 
Forest, Ill.; John Orr Associates, Grand Rapids, Mich.; H. C. Johnson Agency, Inc., Rochester, 
N.Y.; Winslow Electric Co., Essex, Conn.; Kiley Electric Co., Villanova, Pa.; Herbert Rude Associ- 


ates, Inc., Teaneck, N.J. 


Export Department: 2200 Shames Drive, Westbury, N.Y. 11590 
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A-m/fm generator covers 
range from 0.4 to 484 MHz 


An a-m/fm signal generator covers 
the range of from 0.4 to 484 Muz, 
and has a guaranteed signal-to- 
noise ratio of 120 dB/Hz at 20 kHz 
from the carrier. The type SMDA 
contains six internal modulating fre- 
quencies up to 6 kHz, and external 
modulation is possible from 40 Hz to 
20 kHz. A-m, fm or simultaneous 
a-m plus fm is provided. The a-m 
modulation depth is adjustable from 
0 to 95% and the fm frequency de- 
viation is adjustable from 0 to 50 
kHz. Price is $5,400. 

Rohde & Schwartz Sales Co. (USA) Inc., 
111 Lexington Ave., Passaic, N.J. 07055 
[358] 


Meter can check capacitance 
at point 25 feet away 


A digital capacitance meter called 
the series 2350 measures contin- 
uously and automatically and in- 
cludes a 3% digit display. It has both 
analog and BCD (optional) output. 


The meter is unaffected by cable ca- 
pacitance and stray capacitance to 
ground, and the point of measure- 
ment may be up to 25 feet from the 
instrument. A bipolar or inverted 
drive permits capacitance difference 
or deviation measurements to 0.001 
picofarad. Price is $1,150. 

Spearhead Inc., 1401A Cedar Post Lane, 
Houston, Texas 77055 [359] 
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“I MUST HAVE 
DRAWN THIS 
THING 


100 TIMES!" 


Cut the detail. 
Use KODAGRAPH Films. 


| A A ee er i i i | 
Please send me complete details on Kodagraph films and I 
papers and how they can save valuable drafting time. 
Name 


Drawing the same detail over and over is more 1 
than tedious—it’s a waste of valuable time I 
and money. A far better way is to let Kodagraph ‘ 
film get the job done for you. I 
That way you draw the detail just once. Make J 
as many photoreproductions as youneed.Cut J 
them out, paste them down, then make a | 
Kodagraph film print of the paste-up. And there Address — — : : = =* 
i 
j 
i 
1 
I 


Position___ 


Company 


you have it, asecond original for subsequent City £ 2 : State Zip_ 


printmaking. Eastman Kodak Company 
For acomplete rundown on the many short- Business Systems Markets Division 


cuts made possible by using Kodagraph films | Dept. DP 809, Rochester, N.Y. 14650 
and papers, just fill out the coupon and send ENGINEERING DATA SYSTEMS 


it our way. a oe a ee ne ee 
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With pressurized ink writing, the price 
isn’t the only thing that’s right. 


The Brush 500 XY Recorder has a pressurized 
ink system. And that takes the pressure off you. 
Stops clogging, skipping, and priming. Because 
the pen always writes instantly. So even after 
months of storage, traces are clear, crisp, smudge- 
proof and uniform. Even at the 500’s 40 inches- 
per-second writing speed. And one disposable 
plastic ink cartridge holds enough ink for a year’s 
normal use. 

And our exclusive Metrisite® non-contact servo- 
loop feedback system enforces pen positioning at 
99.85% linearity. 


BRUSH INSTRUMENTS 
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The Metrisite also solves some other sticky prob- 
lems. Like noise, slide wire troubles, dirty pots, wear, 
cleaning and maintenance. Things you’ve had to 
contend with in potentiometric feedback systems. 

Built-in preamps have sensitivity range from 
1004 V/div. to 1.0V/div. As well as balanced, float- 
ing, and guarded inputs. 

So take a look at the Brush 500 XY Recorder. The 
price may be low. But the accuracy isn’t. Write Brush 
Division, Gould Inc.,3631 Perkins Avenue, Cleveland, 
Ohio 44114. Or Rue Van Boeckel 38, Brussels 1140 
Belgium. 


=" GOULD 
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Subassemblies 
Voltage tripler 
is compact 


Multiplier in special epoxy 
case replaces high-voltage 
section of a TV receiver 


Space saving is important, but in 
high-voltage environments it is even 
more important to protect against 
power surges and flashovers that 
may occur when components are 
crammed into a small area. So when 
Sarkes Tarzian’s Semiconductor di- 
vision set out to develop a compact 
tripler-type voltage multiplier for 
television receivers, a key considera- 
tion was the availability of a special 
potting epoxy with high dielectric 
strength. 

The multiplier, called the model 
S6343, measures 2% by 2% by 1% 
inches and replaces the high-voltage 
section of a TV receiver, at the same 
time eliminating X-ray emission. 

Though the multiplier is being 
produced to RCA Corp. standards 
for use in delivering power to a TV 
picture tube, TV is not the only ap- 
plication for the $6343, says Walter 
Petrowski, manager of the Sarkes 
Tarzian division. The multiplier is 
also suitable, he points out, for com- 
puter displays, oscilloscopes, medi- 
cal electronic instruments, radar, 
and electrostatic precipitators. 

The epoxy-encapsulated unit con- 
tains six ceramic capacitors, six high 
voltage diodes, and an optional 
number of internal resistors that can 
be tailored to meet loading require- 
ments. The diodes are rated at 18 
kilovolts at 1-microampere leakage, 
and the low-loss, 1,000-picofarad ce- 
ramic capacitors at 12 kv. Other 
sizes are available. The high voltage 
diodes also have a reverse recovery 
time of less than 1.5 microseconds. 

The $6343 typically produces 27 
kv, 1% milliamperes, at 85°C; and 
maximum output is 35 kv. Input is a 
maximum 12 kv ac at 15.575 kilo- 
hertz. Lifetime is at least 10,000 
hours, says Petrowski, adding: “The 
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multiplier will outlast the receiver.” 
Operating temperature range is 
from -40°C to +85°C, and a lower- 
priced unit is specified for a max- 
imum of 65°C. 

The $6343, in prototype produc- 
tion now, will be available in quan- 
tity in three months at about $7 
each. 

Sarkes Tarzian Inc., Semiconductor Div., 
415 N. College Ave., Bloomington, Ind. 
47401 [381] 


D-a converters offer low 
gain drift, are monotonic 


Low-gain-drift 8-, 10-, and 12-bit 
digital-to-analog converters type 
DAC-40 are monotonic over a 70°C 
operating temperature range. Speci- 
fications include gain drift of +10 
ppm/°C for 8- and 10-bit models, 
and +! least significant bit or better 
linearity over the temperature 
range. Price is from $115 to $150 for 
8- to 12-bit unbuffered models in | 
to 9 quantities. 

Burr-Brown Research Corp., International 
Airport Industrial Park, Tucson, Ariz. [384] 


Sample-and-hold amplifier 
is accurate to within 0.01% 


A sample-and-hold amplifier, an 
a-d/d-a converter, is for data acqui- 
sition applications where sample ac- 
curacy, high input impedance, and 
fast settling time are required. 


Sample accuracy is within +0.01% of 


the full scale range, input imped- 
ance is 10" ohms, and settling time 
is 7 ws for a 1-to-10-V input step. 
Other features are user-selectable 
inverting or non-inverting operation 
and selectable gain of +1 to + 100. 


Price in 100 lots is $39. 
Zeltex Inc., 1000 Chalomar Rd., Concord, 
Calif. 94520 [383] 


Amplifier/Supply provides 
variable offset for ac signals 


The model 214 power amplifier/ 
supply can be used as a 20 W power 
amplifier with calibrated voltage 
gain and a flat power response from 
de to | MHz, as a stable calibrated 
dc power supply providing up to 20 
V at 1A, or as a programable supply. 


a) 
© POWER © 


AMPLIFIER SUPPLY 


PAR 214 


over & toad 


Demis 
VOLTAGE 
GAIN 


OC OFFSET / SUPPLY 


. 


a 


£207 MAK 


@) 


IMPEDANCE 


Applications are where modulating 
or biasing signals containing both 
an ac component and calibrated de 
offset are required, or where low im- 
pedance circuits must be driven at 
various frequencies and power lev- 
els from a high-impedance source. 
Princeton Applied Research Corp., P.O. Box 
565, Princeton, N.J. 08540 [385] 


D-a/a-d power supply puts 
three outputs in one case 


A digital-to-analog/analog-to-digi- 
tal converter power supply module 
can also be used to power oper- 
ational amplifiers when additional 
logic voltage facilities are required. 


119 


for economy 


Save when you buy it. Save when you 
use it. Today's best flat cable value 
brings neatness and accuracy to every 


application. Fast, 


easy handling cuts 


your production costs, increases 


system quality. 


WOVEN ELECTRONICS 


A DIVISION OF SOUTHERN WEAVING COMPANY 


P.O. Box 189, Mauldin, S.C. 29662, (803) 288-4411 
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New products 


Now divide and conquer 
your sensor’s wildest curves. 


rd 


elon 


Typical type J thermocouple 


Digilin’s linearizing readout breaks up 
your non-linear sensor information into 
ten straight-line segments that approxi- 
mate the most capricious curve with all 
the accuracy you need for just about any 
transducer. 

And our exclusive piecewise linear ap- 
proximator works so well with our stand- 
ard A/D conversion technique that you 
get the 3'4-digit linearizing readout com- 
plete in one small panel meter package in 


dig 


DIGITAL 


CENTIGRADE 


your choice of engineering units with 
BCD output for as low as $195 in OEM 
quantities. 

(Which means that now transducer 
manufacturers can expand their product 
line with an accurate digital readout and 
keep prices sharply competitive.) 

Be first in your marketplace with Digilin 
linearizing digital readout. Call Stan 
Ericsson today. Digilin, Inc., 1007 Air Way, 
Glendale, Calif. 91201. (213) 240-1200. 


INSTRUMENTS 
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Three outputs are combined into a 
single miniature package; the out- 
puts are +15 v de at 100 ma and, 
isolated, 5 V de at 250 ma. The +15 
V outputs are dual tracking, and 
price is $69. 

Shane Industries, Div. of aci, 800 San An- 
tonio Rd., Palo Alto, Calif. 94303 [386] 


Log i-f amplifiers use 
thick-film technology 
A matched pair of log i-f amplifiers 
operate Over the temperature range 


of -20°C to +65°C. Designated the 
model CT724, the unit has an f, of 


60 MHz and a bandwith of 12 MHz. 
Dynamic range is -75 dBm to -5 
dBm, and logging accuracy of each 
amplifier is +2.0 dB (1.5 dB over a 50 
dB dynamic range). Rise time is a 
minimum of 60 ns. 

Circuit Technology Inc., 160 Smith 

St., Farmingdale, N.Y. 11735 [388] 


Sequencer programs supply 
for turn-on, shut-off 


A power sequencer, the model PM 
4600 programs the timing for turn- 
ing on and shutting off various sup- 
plies in equipment such as computer 
main frames and communications 
apparatus. The unit eliminates the 
generation of undesirable transient 
voltages in any of the devices it con- 
trols. Two time-sequenced relays 
turn the power supplies on and off 
in time relation to the equipment 
switch, and the power sequencer is 
packaged on a pe card measuring 
3.7 in. by 2.4 in. by 1.37 in. Price is 
$20 in production quantities. 
Computer Devices Corp., 63 Austin Blvd., 
Commack, N.Y. 11725 [387] 
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Gomplete Trimmer Satisfaction 
One design...9 pin styles 


Still the industry’ best trimmer value 
... Less than wu each in production quantities 


Settability of +.03% and 

environmental performance 

requirements of characteristic 

C of Mil-R-22097 

e 1.5% average ENR noise 
resistance 

e 0.5% average CRV 

e 1/2 watt @ 70°C 

You can choose from an 

expanded line of compact 

trimmers. .150”— .125”—.100” 

in-line terminal spacing and TO-5 

pin spacing all available in top 

and side adjust. Plus .200” delta 

(.100 grid) in top adjust. All 

available from your CTS 

Distributor. Still the best value in 

the industry. CTS of Berne, Inc., 

Berne, Indiana 46711. Phone: 

(219) 589-3111. 


CTS corRPoRATION 


Elkhart, Indiana 


® 
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Try it. You'll like it. 


HiINIL, High Noise Immunity Logic 


Nothing can be more upsetting than trying to 
design sensitive digital equipment that’s 
headed for a noisy industrial application. Try 
Series 300 HiNIL, Teledyne’s high noise 
immunity logic. 

You can throw away those expensive power 
supplies, shielding, filtering and other noise 
stoppers because HiNIL has a 3.5 volt worst 
case noise immunity spec that lasts all day. 
And it operates off 12 or 15 volt supplies at a 
very comfortable +1 volt supply tolerance. 
Power noise immunity is 100 times better than 
TTL inthe “1” state, 23 times better in the “O” 
state over the entire temperature range (worst 
case). 

HiNIL has a typical propagation delay of 100 


nsec. That’s slow. Slow enough to ignore a 1 
volt ripple caused by a forklift, drill press, power 
tool or any other nasty noise maker. 


HiNIL is easy to use, works in and out of DTL 
and TTL. It’s all monolithic. The whole family of 
two dozen or more logic circuits comes in DIP 
or flat pack. 


HiNIL will solve those industrial noise logic 
design headaches simply and economically. 


New Low Prices: Now HiNIL is priced: competi- 
tively with popular TTL units... if you've been 
waiting for low prices, your wait is over. 


Write for a free copy of our brand new HiNIL 
Design and Applications Brochure. 


Hi-NIL, High Noise Immunity Logic. 
Try it. You'll like it. 


“© TELEDYNE SEMICONDUCTOR 


1300 Terra BellaAvenue Mountain View, California94040 (415)968-9241 TWX:910-379-6494 Telex: 34-8416 
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New products 


Industrial 


H-P enters 
OEM-supply race 


44 power units are offered 
initially; computer program 
ready for custom designs 


Suppliers of modular, off-the-shelf 


power supplies have a new competi- 
tor. Hewlett-Packard Co., a giant 
among instrument manufacturers, 
has developed a family of 44 sup- 
plies—the 62000 series—designed for 
systems, computer and “buried” 
original-equipment applications. 
They join H-P’s line of laboratory 
power supplies, which the company 
has been selling for over 10 years. 

Initially, the new series-regulated, 
fixed-voltage supplies will be avail- 
able in 11 different voltage ratings 
ranging from 3 to 48 volts de. (Other 
outputs are 4,5, 6, 10, 12, 15, 18, 24, 
and 28 V). For each voltage, four 
current ratings—2, 4,8, and 16 am- 
peres—are available. It’s also pos- 
sible to adjust the output voltage as 
much as +0.5 v de, or +5%, which- 
ever is greater. All units deliver full- 
rated output to 50°C, with derating 
up to 71°C. 

Line and load regulation are 
within 0.01%, and ripple and noise 
are less than | millivolt rms and less 
than 3 mv peak-to-peak (de to 20 
megahertz), according to H-P. 

Remote sensing is standard on 
the supplies, and separate sensing 
terminals are provided. Built-in pro- 
tection prevents excessive voltages 
to critical loads should a remote 
sense terminal be accidentally dis- 
connected. Reverse voltage protec- 
tion is also built in. And, should the 
output be shorted, an adjustable 
cutback-current-limiting circuit 
holds current to less than 10% of the 
rated output. Still further protection 
is provided by a heat-sink-mounted 
thermostat that opens the fused ac 
line automatically if the supply 
overheats. 

Solid state components are used 
throughout the unit, with integrated 
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circuits used in the voltage-error, 
overcurrent-limiting, and reference- 
supply amplifiers. 

Several options are available, in- 
cluding an internal crowbar for 
overvoltage protection, and oper- 
ation from different line voltages. 
Standard input voltage is 120 v, 48 
to 63 hertz. 

H-P has also generated a com- 
puter program so that it would be 
possible to produce custom units 
fairly quickly, reports Arthur Dar- 
bie, engineering manager at H-P’s 
division in Rockaway, N.J. Using 
customer requirements, the program 
would come up with a list showing 
parts to be used. 

The supplies are packaged in 
three case sizes: the A (%-rack- 
width) module costs $89, and the G 
(‘4-rack-width) module costs $195. 
In between are two '%4-rack-width 
modules: the C is priced at $125, 
and the E, with roughly twice the 
current ratings, is $145. 

First delivery will be in April; 
from stock thereafter. 

Inquiries Manager, Hewlett-Packard Co., 
1601 California Ave., Palo Alto, Calif. [371] 


Controllers offer accuracy 
within 0.1° or 0.05°C 


Two nonindicating proportional 
controllers called the model 7870 
and 7872 are phasefiring and zero- 
voltage-firing devices respectively. 
Both work from thermistors oper- 
ating in the range of from 8,000 to 
100 ohms. Temperature range is 
from -100°C to +400°C. Price of 
the model 7870 is $90 and for the 
model 7872 it is $105. 

RFL Industries Inc., Boonton, N.J. 07005 
[372] 


Voltage standard guarantees 
1 ppm/year stability 


A portable ovenized saturated stan- 
dard cell bank of three cells guaran- 
tees a stability to | ppm/year and 
offers front-panel presetting of nom- 
inal cell temperatures. Continuous 
monitoring of temperature set point 
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without an external null detector is 
also offered. Size is 6% in. by 6% in. 
by 8'4 in. The model Sco-107 can be 
preset to temperatures between 28 
to 37°C, and the internal tempera- 
ture will not vary by more than 
+0.001°C. If line power fails, the 
unit automatically switches over to 
battery power. Price is $1,390 in- 
cluding battery pack and 12 to IS v 
de supply. 

Julie Research Laboratories Inc., 211 West 
61st St., New York, N.Y. 10023 [374] 


Logic modules use optical 
isolation for noise rejection 


Logic modules for process control 
and monitoring applications are de- 
signed to link such devices to DTL 
and TTL levels. The NJ series use 
photo isolation to provide high 
noise rejection and up to 1,500 volts 


of ground isolation. Four modules 
in the line consist of a sensor con- 
verter, an input detector, an ac 
switch, and a de switch. Typical ap- 
plications include voltage compari- 
son, closing contacts, ac switching, 
and de switching. The modules are 
compatible with the company’s cur- 
rent T and J series line. A barrier 
strip mounted on each unit provides 
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for protection of Electronic Devices 
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Available in sizes from 4% to 1000 amps for voltages up to 


1500, TRON Rectifier Fuses are ideal for protecting variable There is a complete line of BUSS Quality fusesin %xlinch, , 
speed drives, inverters, battery chargers, plating power sup- 14 x 114 inch, and miniature sizes, with standard and pigtail 
ples, power controls, and INSIST ON types available in quick- INSIST ON 
any other application SUPPLIED THE ECONOMICAL WAY ae SUPPLIED THE ECONOMICAL WAY 

THRU DISTRIBUTORS acting or dual-element THRU DISTRIBUTORS 


where fast opening and 
great current limitation 
are required. 


slow blowing varieties. 


Write for BUSS Form TRFS Write for BUSS Form SFB 
Bussmann Mfg. Division, mcGraw-Edison Co., St. Louis, Mo. 63107 | Bussmann Mfg. Division, McGraw-Edison Co., St. Louis, Mo. 63107 


BUSS: The Complete Line of Fuses and.. . 


The Heavy-Duty Di DMM 


Take a look at the digital multimeter you can really knock 
around—and still get 0.1% accuracy for a year. The Hickok 
3300A in its tough Cycolac case and with its shock-mounted 
circuits has enough built-in versatility to take the place of a 
stack of instruments. 
The 3300A measures: 


e DC/AC voltage from 100 microvolts to 1.5 kilovolts; 
@ DC/AC current from 100 nanoamperes to 2 amperes; 
® resistance from 100 milliohms to 200 megohms. 


To add to your value, the rugged 3300A is truly portable at no 
extra cost. It operates continuously for 24 hours off its internal 
rechargeable battery— no other DMM can hold a candle to 
that performance. You can make measurements while 
recharging the battery. And the battery's good for 1000 
recharges. 


This versatility is standard; you get it all in the $435 price. 
If you add options and accessories, then the 3300A goes 
to 30 kilovolts AC/DC. It has a clamp-on current probe 
good to 100 amperes, DC as well as AC. With an 
Adapter, the Multimeter becomes a counter up 
to 20 MHz. 


Look for yourself. Call Hickok for a demonstration 
or complete specifications. 


HICKOK 


the value innovator instrumentation and Controls Division 10514 Dupont Avenue ¢ Cleveland, Ohio 44108 (216) 541-8060 
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New products 


easy input-output terminations. 
Price ranges from $82 to $120. 

Xerox Data Systems, 701 S. Aviation Blvd., 
El Segundo, Calif. 90245 [373] 


Temperature controller 
measures 1% in. by 3% in. 


Point 5 series analog temperature 


controllers measure 1% in. by 3% in. 
The on-off relay output can carry 
amperes at 


three LIS WV 2ac. wand 


Fuseholders of 


FUSEBLOCKS 


é _ oy 
SS 


There is a full line of BUSS Quality fuseblocks in bakelite, 
INSIST ON 


SUPPLIED THE ECONOMICAL WAY 
THRU DISTRIBUTORS 


phenolic, and porcelain, 
with solder, screw-type, or 
quick-connect terminals. 


Write for BUSS Form SFB 
Bussmann Mfg. Division, McGraw-Edison Co., St. Louis, Mo. 63107 
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single printed-circuit board con- 
struction is used. Fail-safe circuitry 
de-energizes the relay if the thermo- 
couple circuit opens. The Point 5 
controllers are compatible with TE 
temperature indicators and similar 
equipment. 

Thermo Electric, Saddle Brook, N.J. [377] 


Relay test unit has 
resistive loading feature 


A protective relay test unit desig- 
nated the model PR-71 checks and 
calibrates relays. The unit has a re- 
sistive loading feature in order to 
avoid current distortion and associ- 
ated correction factors. This is usu- 
ally required by other relay testers 
because of the harmonics developed 
by inductive loading methods. The 


space-saving 


panel 
shielded types, and a full 
line of military types. 
Most are available with 
quick-connect terminals. 


SEMERAL YD siecrane | 
“ 


x 


unit is accurate for calibration with 
instrument error less than 1% of full 
scale and also can be used as a 3.6 
kVa power supply. Price is $2,795. 
Instrumentation and Control Services of 
General Electric Co., 2379 John Glenn 
Drive, Chamblee, Ga. 30341 [376] 


nquestioned High Quality 


FUSEHOLDERS 


BUSS has a complete line of fuseholders to cover every appli- 
cation. It includes lamp indicating and alarm activating types, 
holders , RFI- 


types, in-line 


INSIST ON 


SUPPLIED THE ECONOMICAL WAY 
THRU DISTRIBUTORS 


mounted 


Write for BUSS Form SFB 
Bussmann Mfg. Division, McGraw-Edison Co., St. Louis, Mo. 63107 
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Modular instrumentation amplifiers 


with rack-mount performance. 


Burr-Brown offers over twenty modular instru- 
mentation amplifiers, including programmable gain 
types, that provide a low-cost approach to systems 
instrumentation. Performance is equivalent to that 
of rack-mount units — we’ve simply removed the 
frills and packed them into compact, rugged, low- 
cost, modular packages. Of course, if you have to 
have rack-mounts, remember, we supply those too. 


These versatile amplifiers all feature a wide range 
of gain, set by a single external resistor. Because of 
their small size, ruggedness, and low-cost, they lend 
themselves to a variety of instrumentation applica- 
tions including amplification of signals from trans- 
ducers — such as strain gage bridges, load cells, 
thermistor networks, thermocouples, and biological 
probes. Other applications include: recorder pre- 
amplifiers, multiplexer buffers, servo error ampli- 
fiers, current sensing, and the measurement of any 
small differential’ signal riding on common mode 
voltages. 


NEW BURR-BROWN BOOK 
“‘Operational Amplifiers — Design and 
Applications’’, over 470 pages, 300 illus- 
trations. Written by Burr-Brown applica- 
tion-engineering staff, published by 
McGraw-Hill. U.S. price, 15.00 dollars. 
Order from Burr-Brown. 
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FET INPUT - LOW DRIFT 
HIGH INPUT IMPEDANCE 
LOW COST 


LOW NOISE - LOW DRIFT 


HIGH SPEED 
WIDE BANDWIDTH 


DIGITALLY 
PROGRAMMABLE 
GAIN 


MODEL 3621 

Input drifts as low as 5uV/°C, max. Input 
impedance to 10'' ohms. 2uV input noise, 
peak to peak. Single unit price from $39.00 


MODEL 3620 

Input noise only luV, peak to peak. Gain 
nonlinearity, .01%. Both luV/°C and 
3uV/°C max input drifts available. Single 
unit price from $85.00 


MODEL 3622 

150V/ usec slew rate. Settles to +0.1% of 
final value in less than lusec. 3MHz band- 
width at gain of 100. Single unit price from 
$79.00 


MODEL 3600 

Digitally programmable gain, 46 steps, 0 to 
3840. Differential input. +1,yV/°C input 
voltage drift. Gain nonlinearity .01%. Single 
unit price: $245. 


PRICES FOB, TUCSON, ARIZONA, USA 
For complete technical information and applications 
suggestions, use this publication's reader service card or 
contact your Burr-Brown Representative. 


BURR-BROWN 


RESEARCH CORPORATION 
International Airport Industrial Park @ Tucson, Arizona 85706 
TEL: 602-294-1431 © TWX: 910-952-1111 © CABLE: BBRCORP 


New products 


Semiconductors 
Wave generator 
is monolithic 


Addition of a second chip 
gives modulated forms 
with Exar’s 16-pin package 


Miniaturization has been slow to 
come to signal-test equipment, pri- 
marily because complex waveforms 
are not easily handled with IC tech- 
niques. To bring signal generation 
into the IC world, Exar Integrated 
Systems Inc., of Sunnyvale, Calif., 
has developed a monolithic wave- 
form generator. It can provide al- 
most any wave pattern that large 
generators can, and a single chip 
can do the job. 

Exar’s generator can produce 
sine, square, triangle, ramp, and 
sawtooth output waveforms, which 
can be both amplitude and fre- 
quency modulated. What’s more, 
with the addition of a second chip, 


many modulated waveforms can be 
obtained: sinusoidal a-m_ output 
(90% modulation), ramp-modulated 
a-m output, tone-burst output, 
swept output, modulated tone burst, 
and others. With this flexibility, the 
versatile chip-pair waveform gener- 
ator can be used as a space-saving 
component in most communications 
and telemetry equipment. 
Contained in a standard 16-pin 
dual in-line package labeled the XR- 
205, the generator is offered in a kit 
containing the two XR-205 chips, a 
printed-circuit board that’s etched, 
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drilled, and ready to assemble, a 
components list with recommended 
types of external components, and 
detailed hook-up instructions. The 
pair operates from a standard 12- 
volt supply. 

The different outputs are ob- 
tained by varying pin configura- 
tions. For example, a triangle can be 
converted into a sawtooth configu- 
ration by a single pin adjustment; 
this puts a resistor into the output 
circuit, which changes the duty cycle 
of the triangle and makes the con- 
version. Among other variations, the 
polarity of the sawtooth can be 
changed just as easily with another 
pin configuration. 

Price of the XR-205 is $16. 

Exar Integrated Systems Inc., 733 N. Pas- 
toria Ave., Sunnyvale, Calif. 94086 


Rf switches operate in 
20 to 1,000 MHz range 


A series of rf switches have from 
two to 30 outputs in a single pack- 
age and measure ' in. thick by 4 in. 
wide. Length depends on the num- 
ber of outputs and varies from 2 to 
16 in. Frequency range of the 
switches is from 20 to 1,000 MHz, 
and they use PIN diodes in a broad- 
band stripline matching structure. 
Multiple diodes in a series shunt 
configuration provides an isolation 
of 70 dB and an insertion loss of 1.0 
ds. Amplitude match between out- 
puts is +0.2 dB with a VSWR of less 
than 1.2 to |. 

Integral Data Devices Inc., 46 S. Bayles 
Ave., Port Washington, N.Y. [415] 


Dual line receiver's fanout 
is 10 DTL or TTL loads 


A digital receiver family has a 
fanout guaranteed to be 10 TTL or 
DTL loads over the temperature and 
common mode ranges and supply 
tolerance. Input threshold guaran- 
tees are +500 mv and +1 V at input 
voltages of +3 v and +15 Vv respec- 
tively. Typical thresholds through- 
out the input range are +60 mv 
and -80mv. Delays and other criti- 


cal specifications are guaranteed. 
The model DM7820A (-55° to 
+ 125°C) is priced at $24 in 100 to 
999 quantities, and the model 
DM8820A (0° to +70°C) is $6.20 in 
the same quantities. 

National Semiconductor Corp., 2900 Semi- 
conductor Dr., Santa Clara, Calif. 95051 
[414] 


Six-bit monolithic d-a 
converter settles in 200 ns 


A six-bit digital-to-analog converter 
uses high-yield monolithic fabrica- 
tion instead of hybrid circuits. The 
model MC1406 also uses the R-2R re- 
sistor ladder network approach. A 
current steering network controlled 
by the digital inputs switches this 
current either to the output or to the 
positive supply, maintaining a con- 
stant current in the ladder resistors. 
This makes it possible for the con- 
verter to settle to within 2 of the 
least significant bit in 200 ns. Price 
of the device in quantities of 100 is 
$3.95 each. 

Motorola Semiconductor Products Inc., P.O. 
Box 20912, Phoenix, Ariz. 85036 [413] 


ROM accesses 1.6 million 
bits in 225 nanoseconds 


A read-only memory system is ca- 
pable of accessing 1.6 million bits of 
storage (200,000 bits on one board) 
in 225 nanoseconds. The entire con- 
tents of the memory can be un- 
plugged and replaced with a new 
braid, and individual bits or words 
may be user-modifed in 30 seconds 
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VECO 
THERMISTORS 


for 
MIL. & 


INDUSTRIAL 
APPLICATION 


VECO’s entire line of thermistor disks and 
rods for military and industrial use are 
manufactured to meet MIL-T-23648A. 
They’re suitable for any application in the 
area of temperature measurement and 
control (such as transistor circuitry) with- 
in a range of —55°C to + 125°C. 


Rugged, insulated design...high reliability 

.. precise accuracy...strength combined 
with sensitivity...are packed into every 
thermistor VECO produces. 


Whether your application is military or in- 
dustrial, VECO has a thermistor to fit your 
application needs. 


Complete catalog available from: 


ENGINEERING 
CORPORATION 


VICTORY ROAD, SPRINGFIELD, 
NEW JERSEY 07081 
(201) 379-5900 * TWX 710-983-4430 


New products 


by disconnecting the appropriate 
wire and laying a new wire on the 
braid. Price ranges from 1% cents 
per bit in small quantities to %4 cent 
per bit in large quantities. 

Memory Technology Inc., 83 Boston Post 
Rd., Sudbury, Mass. 01776 [418] 


Tiny light-emitting diode 
is aimed at tape sensing 
A light-emitting diode small enough 


to pass through the eye of a needle, 
is bonded to a ceramic substrate 


with two attached leads. A typical 
application is in inserting the device 
in the guide pin of a cassette tape 
deck for beginning- and end-of-tape 
sensing. Price for the He-500 
is $1.25 in 1,000-lots. 

HEI Inc Jonathan Industrial Center 
Chaska, Minn. 55318 [417] 


series 


Microampere-gate SCRs 
feature 600-V ratings 


Two series of plastic-packaged mi- 
croampere-gate silicon controlled 
rectifiers, called the 106 and 107 
series, feature glass junction passi- 
vation in place of planar designs. 
They are intended for power switch- 
ing and gate-current amplification 


‘for driving larger SCRs. The differ- 


ence in the two series is in gate sen- 
sitivity and both have voltage rat- 
ings to 600 v. Prices in 1,000 lots 
range from 34 cents to 97 cents, de- 
pending on voltage. 

RCA Solid State Div., Box 3200, Somerville, 
N.J. 08876 [416] 
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TRY SOME be 
FREE SAMPLES 

OF BY-BUK 
PROFESSIONAL 
QUALITY 
ELECTRONIC 
CIRCUITRY 
DRAFTING 

AIDS. 


It’s our way of proving that artwork 
layout accuracy can be accomplished 
in seconds with By-Buk pressure 
sensitive drafting aids. 


We'll also send you 
our catalog featuring 
thousands of ideas 
in individually 

die cut artwork 
patterns and 
conductor line 

tapes to connect 
them with. 


BY-BUK COMPANY 


A SUBSIDIARY OF WEBTEK CORPORATION 


4326 W. Pico Bivd., Los Angeles, CA 90019 
(213) 937-3511 


S.S. HOPE, m.p. 


. friend to 
millions on four continents— 
this floating hospital is a 
symbol of America’s concern 
for the world’s disadvantaged. 


Keep HOPE sailing. 


Doctor ...teacher.. 


PROJECT 


Dept. A, Washington, D.C. 20007 


A kitfull of 
fastener solutions free 


Complimentary contents include: mixed sam- 
ple bag of Seelskrews ® , Seelbolts © , Seel- 
rivets ® and Adjust-A-Seels ® . Plus detailed 
catalog. Plus, sheaf of “‘unexpected” design 
applications based on our patented positive 
seal ability. All yours for the asking. Write: 


(©) APM-HEXSEAL 


“ DIVISION OF APM CORPORATION 


44 HONECK ST., ENGLEWOOD,N.J.07631 


Sete 


applications 
in hr ndustry 
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A ONE SOURCE SUPPY FOR... 


TRANSISTOR MOUNTING 
HARDWARE & SOCKETS 


Also mica insulators * Ready to Assemble Kits. 
Available from stock 


HARDWARE 


SOCKETS 


NEW FREE CATALOG ON REQUEST 


Manufacturers of Standardized Hardware for Electronics. 


KEYSTONE 


ELECTRONICS CORP. 
49 Bleecker Street * New York. N.Y. 10012 
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Quality 
Accuracy 
Versatility 
Reliability 

Tyr. warranty 
Low cost 


Heath/Schiumberger has them alt! 


80 MHz Frequency Counter: 
10 Hz — 80 MHz range; 100 
mV sensitivity; 5-digit LED 

readout; high stability. 
Assembled SM-105A, 
6 Ibs... . .$350* 


1 MHz Function Generator: 
Sine, square, triangle output; 
7 decade ranges, 0.1 Hz— 

1 MHz; Adjustable DC offset; 
VCO built-in. Assembled 
EU-81A, 8 Ibs... . .$245* 


15 MHz Dual Trace Scope: 
Complete dual trace 
capability including X-Y; 
Triggered sweep; 18 time 
bases; 50 mV sensitivity. 
Assembled EU-70A, 

35 Ibs... . .$595* 


\ Wg, 


" ‘(eieare 
1 mV 10” Chart Recorder: } 


23 speeds, 30 in/min to 0.2 in/hr; 18 spans, 1 mV - 
500 V full scale; 15 full scales of offset; Fully 
programmable. Assembled EU-205B, 40 Ibs.. .$675* 


Heath/Schlumberger Scientific Instruments Schlumberger 

Dept. 520-28 

Benton Harbor, Michigan 49022 

(J Please send brochures on following models: 


Please send 1972 Electronic Instrumentation Catalog (now in produc- 
tion, available soon). 
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Company. 
Address 
City. _State Zip. 


*Mail order prices; FOB Benton Harbor, Michigan. 
Prices & specifications subject to change without notice. EK-322 


* 42 Bit ADC 


(1-9 Quantity) 


Model 105 Dual-Slope ADC 


e Resolution of 12-Bits... 
Binary or 32 Digit BCD 
e +0.01% Max Nonlinearity 
e Low Drift... 
+2ppm/°C Offset TC 
+10ppm/°C Gain TC 
e Fast Conversion... 
2msec for Binary Units 
750psec for BCD Units 


And this new analog-to- 
digital converter is versatile 
... you can connect it to 
automatically recycle or to 
convert on external com- 
mand. We’re shipping the 
105’s from stock, so order 
several today! 


mi 
"I 


FUNCTION MODULES, INC. 
2441 Campus Drive 
Irvine, California 92664 
(714) 833-8314 


New Products/ Materials 


High-temperature machinable-cast- 
able ceramic called Cermacast 549 
can be cast by the user and then ma- 
chined into various shapes. The ma- 
terial is available as a two-part sys- 
tem, consisting of a powder base 
and liquid activator. Setup time is 2 
hour, and the final part exhibits a 
total change of about 4%. Appli- 
cations are insulators and compo- 
nents. Price is $30 for a pint kit and 
$50 for a quart kit. 

Aremco Products Inc., P.O. Box 145, 
Briarcliff Manor, N.Y. 10510 [476] 


A one-component heat sink and ad- 
hesive is designed for use with tran- 
sistors, SCRs, and other components 
and can be used for direct bonding 
to a metal chassis. The material is 
said to have more thermal conduc- 
tion than silicone greases, requires 
no mica and retains high electrical 
insulation. Measuring, mixing are 
eliminated. 

Standard Patents & Devices Inc., 3000 Mar- 
cus Ave., Lake Success, N.Y. 11040 [477] 


A high-temperature insulating epoxy 
called Epo-Tek H55 is designed for 
microelectronic applications. Spe- 
cific uses include bonding large ca- 
pacitor chips where great strength is 
required and bonding chip resis- 
tors over transmission lines. Trial 
kits are $15. 

Epoxy Technology Inc., 65 Grove St., Water- 
town, Mass. 02172 [478] 


Ferrite absorbers called Eccosorb NZ 
series are useful over the frequency 
range from below 50 MHz to above 
15 GHz. They are offered in the form 
of small tiles that can be bonded to 
flat and curved surfaces. The NZ-31, 
NZ-41, and NZ-51 types are intended 
primarily for applications in low fre- 
quency ranges. Price is from $60 to 
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$100 per square foot, depending on 
the type desired. 

Emerson & Cuming Inc., Microwave Prod- 
ucts Div., Canton, Mass. 02021 [479] 


An adhesive for microelectronic fab- 
rication requires no mixing, heating, 
or measuring. Type S-1098 material 
produces joints that are transparent, 
and room temperature cures pro- 
duce bonds that are resistant to wa- 
ter, most chemicals, and tempera- 
ture extremes. Price is $1.80 per 
two-gram dispensing tube. 

Starnetics Co., 10639 Riverside, North Hol- 
lywood, Calif. 91602 [480] 


A castable microwave absorber ma- 
terial is for fabricating loads, termi- 
nations, attenuators, choke rings, rf 
gasketing, plate line and strip-line 
structures, and other dissipative 
parts for microwave frequencies. 
Casting is void-free, with machin- 
able characteristics. Density is 3.8, 
distortion temperature is 175°C, and 
power dissipation is greater than | 
watt per square inch. Price is $3.75 
per pound in quantity. 

Transene Co. Inc., Route One, Rowley 
Mass. 01969 [403] 


A line of flexible copper-clad lami- 
nates features no adhesives. Called 
Micro-Clad, the material is intended 
for integrated-circuit lead frames, 
beam-lead substrates, flexible 
printed circuits, and flexible multi- 
layer combinations. The material is 
available in rolls and reels for au- 
tomatic handling and processing, as 
well as in sheets. 

Fortin Laminating Corp., 1323 Truman St 
San Fernando, Calif. 91340 [401] 


A dip coating formulated for a vari- 
ety of electronic components, espe- 
cially capacitors, is called type 1215. 
A moderate cure temperature of 
125°C makes it specifically suitable 
for tantalum capacitors, rectifiers, 
resistors, and ferrite devices. The 
material, sag-free and non-dripping, 
is available as a brush or casting sys- 
tem. The coating comes in standard 
colors of red and black, with other 
colors available on request. An in- 
troductory kit is priced at $10. 

Allaco Products Inc., 130 Wood Rad., 
Braintree, Mass. 02184 [402] 
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Compare Mox 
to ladhwenk resistor 
you're using now. 


Our Metal Oxide Resistors offer you: 
= Small Size ® Maximum Reliability 

= 100 ppm TCR ® High Stability 

® High Voltage Capability 


Set a comparable MOX Resistor beside the wire wound or metal film 
resistor you’re using now. Chances are you'll find ours smaller, giving 
you greater design possibilities for ultra-critical applications. 

We offer you a complete MOX Series to choose from, and we keep 
them stocked for prompt delivery. 
Mini-Mox—Miniature high voltage 
resistors with ratings as high as 5 KV 
and dissipations to 1 watt. 
Maxi-Mox—Rated at 2.5 watts and 
7.5 Kv per lineal inch. Available in 
1-5” lengths in 1” increments. 
Divider-Mox—Single units with one 
or more taps. Ratios as high as 
10,000:1. Input voltages to 37.5 Kv; 
5% output voltage stability. 
Power-Mox — High voltage, high 
power resistors. Voltages to 45 Kv. 
45 watts in 70°C air ambient. 


MOX FACTS and Technical Data Sheets are 
available from: Victoreen Instrument Div. of 


VLN Corp. 10101 Woodland Avenue, Cleveland, RASTA, 
Ohio 44104. Telephone: 216/795-8200. VICTOREEN 
DMA 682 Expertise in high voltage 
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OEM - 
RACK- 
PORTABLE 


m@ BCD INPUTS - PARALLEL ENTRY 
@ TAB CARD SIZE — 3 COPIES 
@ INDEXING - 20 CONSECUTIVE LINES 
@ COLUMN SUPPRESSION - FLOATING DECIMAL 
@ CONTROLLABLE BY INSTRUMENT 
OR COMPUTER 
@ PRINTING MECHANISM AVAILABLE 
@ 400 MSEC/LINE PRINT RATE 
@ MANY OPTIONS/ 
CHARACTER WHEELS 
FROM 


MEE. CORPORATION $154 


340 Fordham Rd., Wilmington, Mass. 01887 (617) 658-5500 TWX 710-347-6938 


VALUE 
PRICED 
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MORE 
SWITCH 
FOR LESS 


MINIATURE : 
PRECISION THUMBWHEEL SWITCH 


1,000,000 Detents (for quality) 
Low Cost (for savings) 


TOP QUALITY FEATURES 


1. .05 ohms max. contact resistance. 
2. 200 megohms min. insulation. 
3. 1,000 volts min. dielectric strength. 
4. 2 amps @ 115VAC current carrying capability. 
5. 125 ma @ 115VAC current breaking capability. 
6. Mounts on %” centers only 1%” behind panel. 
7. Glass laminate with precious metal contacts 

& plating. 
8. Multi-applications—you name it. 
. Over 1,000,000 detents. 
IMMEDIATE DELIVERY... ASK THE PRICE— 
BE PLEASANTLY SURPRISED. 


CDI Covers The Spectrum of Switches 
Saves You Space « Effort * Time * Money 


THUMBWHEEL ROTARY 
SWITCHES SWITCHES 
: ———e tee Snap-in, snap-out 


modules in seconds, 
eliminating 
downtime. ,# = 


cil 
Tabet Pat. 

2841660, | 

2971066, a 

Saseist: u gt 


2956131 
2988607 


PUSHBUTTON 


hostile environments. 


Vie 


Mounts on 
v2" centers, 


retrofits 

most panel 

openings 

for miniature Miniature 

thumbwheel add/subtract units 
switches. retrofit most minithumb- 


wheel switch panel openings. 
CDI earns its reputation every day for Consistently 
High Quality, Consistently Good Delivery. 


CHICAGO DYNAMIC INDUSTRIES, INC. 
CD) PRECISION PRODUCTS DIVISION 


1725 Diversey Blvd., Chicago, Illinois 60614 
Phone: 312, 935-4600 
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SEARCHLIGHT SECTION 


AUTOTRACK MOUNT 


AUTOTRACK 
SCR-584 RADARS 


360 degree azimuth, 210 
degree elevation sweep with 
better than | mil. accuracy 
Missile velocity acceleration 
and slewing rates. Ampli- 
dyne and servo control. Will 
“y handle up to 20 ft. dish. Sup- 
plied complete with control 
chassis. ALSO in stock — 10 
em, van mounted radar sys- 
: tem. Conical scan. PPI. 6 ft 
pie “wo mn s, dish. Ideal for S band tele- 
: “~- metry, weather, baloon trk, 
missile trk, rocket trk, ECM range. Write for complete 
data. 600 pg. instr, bk. avail, at $25 ea 


HAWK MISSILE DOPPLER RADAR 

CW low power illuminator. AN / MPQ-33. Dual anten- 
na on single mount. Van mounted. Complete X band 
doppler tracker, 

PATH LOSS MEAS. FACILITY 

Mfg. REL For establishing max. xmsn paths for ,tropo 
and microwave links. 2 heli-hut vans. Covers I-2-Sghz 
bands. 20 to 120 watts CW output 

PHOENIX MISSILE SYSTEM 

10” PPI, 5” B and C displays, and complete digital com- 
puter consoles 

IBM 704 SCIENTIFIC COMPUTER 

w// peripherals & programs. Cost $2,000,000. Our price 
$10,000. 

MIT MODEL 9 PULSER 1 MW—HARD TUBE 
Output 25kv 40 amp., 30kv 40 amp. max. Duty cy. .002 
25 to 2 microsec. Also 5 to 5 microsec. and .I to .5 mi- 
crosec. Uses 6C21. Input 115v 60 cycle AC. Mfg. GE 
Complete with driver and high voltage power supply 
Ref: MIT Rad. Lab. Series, Vol 5, p 152 


RECON DRONE CONTROL RADARS 

X Band systems autotrack and search complete with 
plotting boards. Fully mobile van mounted. Gives PPI, 
slant range, altitude data. Ground to air control links 
and beacons also in stock. AN /MPQ-29 & AN/ 
UPW-1 

AUTOMATIC TRACKING SYSTEM 

SCI. ATL. MOD. 3101-J70 Antenna Pedestal. AZ-EL 
1S deg. per second rated speed, 23 inch dia. bearing 
Complete w / constrol console & mag. amplifiers 


SPARE PARTS IN STOCK 


Nike Ajax, Nike Hercules, M-33, MPS-19, TPS-ID. 
TPS-10D, FPS-6, SPS8, SCR-584, HIPAR 


RADAR & RF PKGS. 
34ghz 40kw Pulse RF pkg 
24ghz 40kw Pulse bomb toss system 
l6ghz 130 kw Pulse B-58 search radar system 
X BAND AUTOTRACK 250KW PULSE M-33 
compl w / plot boards 
X BAND AUTOTRACK S0KW PULSE B-47 
fire control complete 
C BAND 5 MEGAWATT PULSED KLYST. 
AN / FPS-26 Ht. Finder 
C BAND 1 MEGAWATT AUTOTRACK 
10ft dish mortar locator MPQ-21 
C BAND 285KW PULSE Search AN / SPS-5 / 10 
S BAND 1 MEGAWATT COHERENT AN / FPS-18 
S BAND I MEGAWATT PULSE NIKE ACQ. 
L BAND 1 MEGAWATT PULSE AN / UPS-1 
L BAND 500KW PULSE AN / TPS-1D / E 
L BAND 5 to 20KW PULSE 
400mhz IKW CW AN / FPS-23 
225mhz | MEGAWATT PULSE AN / SPS-28 
2-30mhz 100K W PULSE 
CW .950-Sghz 150 WATTS 
CW 1.5mhz-10.5ghz5 WATTS 
CWS & X BANDS 300-600WATTS 
AN / GPG-1 SKYSWEEP TRACKER 


3 cm. auto. tracking radar system. Comp. 


New Literature 


Frequency synthesizers. RCA Solid 
State Div., Box 3200, Somerville, 
N.J. 08876. An applications note re- 
views low-power digital frequency 
synthesizers using C/MOS integrated 
circuits. Discussed are digital phase- 
locked-loop fundamentals and the 
use of heterodyne down-conversion. 
Application to fm receiver synthesi- 
zers is also discussed. Circle [421] on 
reader service card 


Digital panel instruments. A guide 
to digital panel instruments is avail- 
able from Newport Laboratories 
Inc., 630 Young St., Santa Ana, 
Calif. 92705. The 10-page bulletin 
lists specifications and prices of the 
company’s models. [422] 


2 MEGAWATT PULSER HUNDREDS MORE IN STOCK = pkg. w / indicator sys. Full target acquisi- 

Output 30 kv at 70 amp. Duty cycle .001. Rep LARGEST RADAR = Lion & auto. tracking. Input 115v 60 cy. new ; 

rates, | microsec. 600 pps. 1 or 2 msec. 300 INVENTORY In stock for immed. del. Entire sys. 6 x 3 x Keyboard electronics. Cherry Elec- 
pps. Uses 5948 hydrogen thyratron. Input IN WORLD 10’. Ideal for infrared tracker, drone tracker, % 

120/208 VAC 60 cycle. Mfr. GE. Complete missile tracker, R & D trical Products Corp., 3600 Sunset 
with high voltage power supply hae CATV-COLOR Wilkes: ll 0085. h 

2 MEGAWATT HARD TUBE PULSER taratog «=: MICROWAVE LINKS Ave., Waukegan, Ill. 60085, has 
Output 4O0kv at 50 Amps. Duty cy. .0038 Ratheon type KTR-1000. Fullcolor band- j © + 1 e 
Var. pulse width. Compl. with diver and HV ona width as well as studio audio Rack mounted published a brochure with a de 


power supply. Input 208V 60 hz Complete trans-reevr racks in stock 


Radio-Research Instrument Co.inc. 


3 Quincy St., Norwalk, Conn. 06850 ¢ 203-853-2600 
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DICTIONARIES 
WEBSTER 


Library size, 1971 brand 
new, still in box. Cost new: $45.00. 


edition, 


Will Sell for $15 


Deduct 10% on orders of 6 or more 


Mail to 


NORTH AMERICAN 
LIQUIDATORS 


1450 Niagara Falls Blvd. 
Dept. W-394 


Tonawanda, New York. 14150 


C.0.D orders enclose $1.00 good will 
deposit. Pay balance plus C.O.D. ship- 
ping on delivery. Be satisfied on inspec- 
tion or return within 10 days for. full 
refund. No dealers, each volume spect- 
tically stamped not for resale 

Please add $1.25 postage and handling. 
New York State residents add applicable 
sales tax 


CIRCLE 954 ON READER SERVICE CARD 


FREE CATALOG, 
HARD-TO-FIND PRECISION TOOLS 


Lists more than 1700 items——pliers , 
tweezers, wire strippers, vacuum systems, 
relay tools, optical equipment, tool kits 
and cases, Also includes four pages of 
useful "Tool Tips" to aid in tool selection. 


JENSEN TOOLS ana ALLOYS 
4117 N. 44th Street, Phoenix, Arizona 85018 
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One Story 
83,000 Sq. Ft. 
Air Conditioned 


Acreage. Truck.rail. 
SOUTH CAROLINA 


BINSWANGER 


Company 


Div. of Binswanger/Herman Company 
1420 Walnut St., Phila. 19102 
215-735-0202 
New York, N. Y. « Charlotte, N.C 
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Don’t forget the 


BOX NUMBER 


. . when answering the 
classified advertisements in 


this magazine. It’s our only 
means of identifying the ad- 
vertisement you are answer- 


ing. 


signer’s specification sheet detailing 
a system of keyboard electronics us- 
ing a scanning technique. [423] 


Optical components. Six data sheets 
on optical components from 
Spectra-Physics, Optical Products 
Div., 1250 W. Middlefield Rd., 
Mountain View, Calif. 94040, pro- 
vide technical data, performance 
characteristics and applications in- 
formation. [424] 


Capacitors. Del Electronics Corp., 
250 E. Sandford Blvd., Mt. Vernon, 
N.Y. 10550. A 20-page catalog of 
precision and high-voltage capaci- 
tors includes performance specifica- 
tions and engineering applications 
notes. [425] 


Dual in-line panels. Seventy-eight 
different types of panels are de- 
scribed in a 28-page catalog from 
Electronic Engineering Co. of Calif., 
1601 E. Chestnut Ave., Santa Ana, 
Calif. 92701. Included are socket 
boards, connector boards, and spe- 
cial boards. [426] 


Component burn-in technology. 
Wakefield Engineering Inc., Audu- 
bon Rd., Wakefield, Mass. 01880, 
has available a guide to component 
burn-in technology and life testing 
of semiconductors. [427] 
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(Patented) 


New books | 


Value Engineering, Arthur E. 
Mudge, McGraw-Hill Book Com- 
pany, 280 pp., $12.75 


Managing in Times of Radical 
Change, John J. Fendrock, Ameri- 
can Management Assoc., 175 pp., 
$9.75 j 


Receiving Tube Manual, RCA Tech- 
nical Series RC-28, RCA/Electronic 
Components, 784 pp., $2.50 


® 


the new Bausch & Lomb StereoZoom 7 Coaxial Illuminator 


Communication Circuits: Analysis 
and Design, Kenneth K. Clarke and 
Donald T. Hess, Addison-Wesley 
Pub. Company Inc., 658 pp., $17.50 


FAX—The Principles and Practice 
of Facsimile Communication, Dan- 
iel M. Costigan, Chilton Book Com- 
pany, 262 pp., $10.00 


Information and Coding Theory, 
Franklin M. Ingels, Intext Educa- 
tional Publishers, 229 pp., $12.50 


Semiconductors, Helmut Wolf, Wi- 
ley-Interscience, 552 pp., $22.50 


Feedback Systems, Jose B. Cruz Jr., 
McGraw-Hill Book Company, 324 
pp., $16.50 


Semiconductor Circuit Design, J. 
Watson, John Wiley & Sons Inc., 
428 pp., $22.50 


Optimal Control by Mathematical 
Programming, Daniel Tabak and 
Benjamin C. Kuo, Prentice-Hall 
Inc., 237 pp., $14.95 


Rate Distortion Theory, Toby 
Berger, Prentice-Hall Inc., 311 pp., 
$16.95 


Signal Processing, Modulation and 
Noise, J. A. Betts, American Else- 
vier Publishing Company Inc., 292 
pp., $12.00 


Transients in Electronic Engineer- 
ing, E. E. Zepler and K. G. Nichols, 
Chapman and Hall Ltd., 358 pp., 
$22.50 


Auerbach on Optical Character Rec- 


ognition, Auerbach Publishers, 147 
pp., $12.50 
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Youre looking at 

a Major 
advancement in 
microelectronics 


cost reduction and 
quality assurance 


Now—speedily, surely—you can examine reflective 
micro-objects for the first time as they really are. 
Full-color definition. Without flare, glare, shadowy 
ambiguity. With image quality comparable to the 
best monobjective microscope... and in 3-D. 
One-step visual quality control is now possible, for 
example, in assembling microelectronics. And 
quality assurance checking of multi-layer elements 
is swift and conclusive. Results: significant time 
and cost reductions. 

New, unique, vertical illumination is the reason. The 
Bausch & Lomb StereoZoom 7 Coaxial Illuminator 
supplies uniform-intensity, full-aperture, on-axis 
illumination to both sides of the optical system. Better 
than ring lighting. Better than ordinary vertical 

and incident light systems. 

But words can only hint. See it for yourself. Ask 

for Catalog 31-2368 and a demonstration of 

the Bausch & Lomb StereoZoom 7 Microscope 

with Coaxial Illumination... now. 


BAUSCH & LOMB @) 


SCIENTIFIC INSTRUMENT DIVISION 
99702 Bausch St., Rochester, N. Y. 14602 


Once maps were made 


by hand. 


But why today? 


Once, a man told another 
of what he’d seen and that 
man drew a map that all 
others could follow. 

All of that was done by 
hand. That was then. 

Today, a man takes a 
picture from an airplane of 
what he sees. And a second 
man prepares a manuscript 
from these photos. And then, 
this manuscript is transferred 
to film. 

And then—incredibly — 
all of the lines that will make 
up the map (the rivers, the 
mountains, roads and streets) 
are scribed onto a negative 
master. By hand. 

Finally, a swivel knife is 
used to cut outlines of 
specified areas. By hand. In 


the seventies of the twentieth 
century. 

Someone doesn’t trust 
someone. 

We, CalComp, have told 
cartographers that our 745 
flatbed plotter will scribe 
lines equal to the tolerances 
and standards of the most 
skilled mapmaker’s hand. 

Cartographers have told 
us that they tried plotters 
once. And the lines were not 
accurate. And they were 
uneven. And wiggly. 


The CalComp 745 Plotter 


is accurate to a rate of plus 
or minus .001 inch. The lines 
it scribes or cuts are smooth 
and even. (Their step size is 
only .0001 inch. ) 

And our 745 plots at a 


C680000 
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speed of 4.2 inches per second. 
No hand alive can do that 
accurately. 

If you make maps by 
hand, call us. We'll help you 
get from here to there. 

Write us at California 
Computer Products, Inc., 
Dept. EM-M2-72, 2411 West 
La Palma Avenue, Anaheim, 
California 92801. Or call 
(714) 821-2011. 
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Europeans combine 
to battle 
IBM... 


. . and may accept 
U.S. partners 


UK makers see 
strong nucleonics 
instrument sales 


Italy finances 
four failing 
electronics firms 
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International Newsletter 


February 14, 1972 


Three European computer makers have begun weaving a web of interlacing 
agreements that will expand gradually to form a powerful new grouping, one 
powerful enough to be truly competitive with IBM on the Continent and else- 
where. Two of the companies, Siemens AG of Germany, and Compagnie In- 
ternationale de l’Informatique CII of France, signed a 40-page accord to pool 
their R&D and to establish a joint worldwide marketing effort. Philips Gloei- 
lampenfabrieken is expected to become a full partner shortly. 

Others likely to join include Britain’s International Computers Ltd., as well 
as the U.S. firms Control Data Corp. and National Cash Register Co., which 
recently concluded a joint computer production and marketing agreement, 
and Germany’s AEG-Telefunken and Nixdorf AG, a new German computer 
team [Electronics, International Newsletter, Dec. 20, 1971]. 


CDC is already associated with ICL and CII in their joint subsidiary, Multi- 
national Data, which sets compatibility standards for the three companies. Sie- 
mens and, possibly, Philips are expected to join Multinational Data within a 
few months, and CDC reportedly wants NCR to be admitted, as well. CII pres- 
ident Michel Barré says that Multinational Data may become the rallying 
point for the complex series of agreements—to include U. S. firms, “once we 
have enough European nucleus to resist domination from our big brothers 
from America.” ICL is also a probable partner. 

Barré says the Siemens-CII accord will permit joint financing of a new gener- 
ation of computers—an expense none of the companies could afford alone. The 
contract calls for joint development of product lines, all compatible with ma- 
chines the companies are already marketing. Each company is to market 
through a joint organization the other’s products in its own country. However, 
the companies want to maintain their individuality. But “we are by no means a 
closed shop,” insists a Siemens spokesman. “We are open to further negotia- 
tions on all sides.” 


The boomlet in British nucleonic instruments—at least partially at the expense 
of U.S. manufacturers—will continue through 1972, industry sources predict 
confidently. Although domestic sales increased by about $1 million to total 
nearly $11 million, the main reason for success in 1971 was a doubling of ex- 
port sales to about $7 million. Most of their overseas business was won from 
U. S. firms, the British say, because advances have made their instruments tech- 
nically superior to those of their U.S. competitors. The Britons expect the 
brisk sales pace—in 1971, it was 35% higher than the previous year—to con- 
tinue. 


Four Italian electronics companies will stay alive—at least for a while—because 
of a rescue by a government holding company, Gestioni e Partecipazioni In- 
dustriali (GEPI), which has five years to nurse its wards back to economic 
health. GEPI has pumped $5.5 million into Seimart, of Turin, set up a year ago 
to bolster Magnadyne Radio, a 200-worker company that had gone bankrupt. 
Seimart late last month took three other troubled companies under its wing— 
Lesa, Condor, and Dumont Italiana. The group expects sales of $35 million this 
year, mostly in consumer electronics. GEPI, which has a 64% holding in Sei- 
mart’s capital of $8.6 million, is not allowed to control the companies it ac- 


H-P opens 
instrument plant 
in France 


Siemens wins 
contract from 
Western Union 


Swedish company 
orders computers 
from Burroughs 


SGS phases out 
plant in 
West Germany 


International Newsletter 


quires indefinitely, but must sell or liquidate them after five years. This is a 
contrast to the power of the older, larger government holding company Isti- 
tuto per la Ricostruzione Industriale. 


Hewlett-Packard will try to scoop out a larger share of the European instru- 
ment market with a plant that has begun production in temporary quarters in 
Grenoble, France. H-P has purchased a 42-acre site, where a permanent plant 
is to be built, possibly starting next year. The plant, which has a target employ- 
ment of 3,000 eventually, will be expanded “as business conditions permit.” 
Officials decline to say what instruments are being produced in Grenoble, but 
describe the line only as “complementary to our current European production.” 


The first of seven computer-controlled electronic data switching systems manu- 
factured by West Germany’s Siemens AG [Electronics, Electronics Inter- 
national, Sept. 13, 1971] is to begin operation next fall in an American city. Sie- 
mens has won a contract from Western Union Telegraph Co., New York, to 
deliver seven of the systems for installation in six U.S. metropolitan areas. 
Siemens won’t reveal the value of the contract, but says it is one of the largest 
single pacts ever received from an American company for telecommunications 
equipment. West German observers, however, estimate total value at “well in 
excess of $20 million.” 


By the end of 1973, Burroughs Corp. computers are to have replaced IBM and 
Siemens computers at Sweden’s largest computer service Bureau, Data-Service 
AB, owned by three of the country’s largest banks. An IBM 360/50, a 360/40, 
and a 360/30, as well as two Siemens machines based on RCA Spectra/70s, 
are to be replaced with a B4700 in the Stockholm headquarters and B3500s in 
Gothenburg, Malmoe, and Norrkoeping. A Data-Service spokesman said the 
Burroughs machines are better suited for operations with offices of various 
sizes. The service will retain two GE 425 computers for special work. 


Italian components maker Societa Generale Semiconduttori (SGS) is contin- 
uing its withdrawal from other European markets by phasing out manufac- 
turing operations in Wasserburg, West Germany. The stoppage comes hard on 
the heels of an SGS plant closedown in Sweden, where the company now main- 
tains only regional sales headquarters for the Scandinavian market. Similarly, 
activities in Germany will be limited to marketing, directed from offices in 
Wasserburg. Personnel at the Bavarian plant has been reduced as a result of 
the tight market and increasing labor costs. The company decided it had only 
one option left—look for a buyer of its facilities at Wasserburg. But, with other 
semiconductor makers in Europe operating below capacity, it is unlikely that 
anyone will buy the facility. 

When the Wasserburg factory was opened in mid-1968, SGS executives had 
high hopes of increasing the work force from 300 to about 1,000, but the high- 
est employment ever achieved was less than 600. The decline, which started at 
the end of 1970, has continued. The main output at the plant consisted of 
metal-can transistors and custom-tailored devices. SGS, together with its Ital- 
ian partner ATES Componenti Elettronici, still maintains production facilities 
at company headquarters in Agrate, near Milan, as well as in Sicily, France, the 
United Kingdom, and Singapore. 
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Electronics international 


Significant developments in technology and business 


Monolithic op amp 
operates at very 
low power levels 


Nippon Electric’s new line 
of operational amplifiers 
aims for jobs in battery-run 
gear: LSI version is next 


Micropower operation, built-in sig- 
nal switching capability, and simpli- 
fied frequency compensation are 
among the features of a new mo- 
nolithic IC operational amplifier de- 
veloped at Nippon Electric Co. The 
extremely low power requirements 
open up many new fields of appli- 
cations, especially those requiring 
battery operation. 

At the same time, linear large 
scale integration becomes a possi- 
bility. With conventional oper- 
ational amplifiers, it has been power 
dissipation and not chip size that 
has prevented including a number 
of amplifiers in one package. 

Switch. The built-in signal switch- 
ing function performs by controlling 
current flowing into all stages of the 
amplifier, depending on whether the 
external control terminal is con- 
nected to the positive power supply 
voltage or to ground. When the ex- 
ternal control terminal is connected 
to ground the amplifier is discon- 
nected from its power supply, so 
that gain becomes zero and output 
impedance infinite. This enables the 
amplifier to be switched without in- 
troducing into the signal path any 
devices that might affect normal 
gain or balance. 

In addition to turning the ampli- 
fier on and off, the circuit used for 
switching permits external control 
of the absolute value of current 
drain of the amplifier. Amplifier 
current drain depends on both 
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power supply voltage and the exter- 
nal resistance connected between 
the control terminal and positive 
power supply. With an external re- 
sistor in excess of 10 megohms, no- 
signal power input can be as low as 
16 microwatts when the amplifier is 
operated from a 12-volt power sup- 
ply, which is the minimum voltage 
recommended. 

Stable gain. Even at very low 
power input levels, gain of about 
110 decibels is maintained, and the 
Class B output stage enables the 
amplifier to deliver an output cur- 
rent of 15 milliamperes. Frequency 
response, though, decreases at these 
low power levels. More representa- 
tive operating power levels are 400 
pW, when operated from +3-Vv 
power supply and using a 200-ki- 
lohm external control resistor, and 2 
Ww when operated from +15-v 
power supply and using a 2-me- 
gohm external resistor. 

Simplicity of switching and free- 
dom from transient disturbances or 
unbalance in signal path should 
make this amplifier attractive for 
use as a switch even when gain isn’t 
needed. Applications include scan- 
ning, multiplexing, and mode con- 
trol. It may seem extravagant to use 
a circuit with more than 20 transis- 
tors to perform such a simple func- 
tion, but a single TO-5 package with 
several external components means 
that an electronic switch can be im- 
plemented with fewer parts than al- 
most any alternative. This technique 
will become even more attractive 
when LSI version of the amplifier 
becomes available. 

Loads. The simplified frequency 
compensation is made possible by 
the same circuit technique that gives 
micropower operation. The high 


output impedances of transistors are 
used as active loads, making it pos- 
sible to achieve typical open loop 
gain of 110 dB for the amplifier with 
only two stages of voltage amplifica- 
tion, even though the amplifier op- 
erates at extremely low power lev- 
els. Because only two stages are 
used, a single capacitor can control 
circuit frequency response and give 
stable operation for any desired 
amount of feedback. 

Market. This op amp will be de- 
scribed in more detail at the Inter- 
national Solid State Circuits Confer- 
ence by Tokio Furuhashi, who 
designed it together with Hiroshi 
Aoyama, Ichiemon Sasaki, and 
Shuzi Nakazawa. Nippon Electric is 
now Starting production of two com- 
mercial operational amplifiers of 
this type using the same master 
slice. One of these, UPC 253A, will 
have the circuit shown in the ISSCC 
paper. The other, UPC 153A, has a 
simplified output stage that permits 
it to deliver about | V more peak-to- 
peak output when operated at a 
given power supply voltage. 


Great Britain 


Phase-locked loop IC 
designed for modems 


About a year ago, Signetics Corp. 
brought out the first of a range of 
phase-locked loop integrated cir- 
cuits, with phase comparator and 
oscillator on a single chip. The loop 
locks the oscillator frequency to an 
input signal frequency by compar- 
ing the phase of the two frequencies 
and using the difference signal to 
shift the oscillator frequency. Thus 
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any frequency-modulated informa- 
tion in the input signal is demodu- 
lated in the difference signal. 

Signetics’ idea was that the chip— 
much cheaper than a discrete 
equivalent could be—would even- 
tually become a widely-used build- 
ing block in fm demodulators, mul- 
tipliers, and synthesizers, 
particularly at lower frequencies. 
With roughly the same idea in 
mind, Plessey Co. has developed a 
similar chip, but more complex and 
in its initial form specifically de- 
signed as a complete modulator and 
demodulator for frequency shift key 
modems. Plessey’s approach will be 
explained by Barrie Gilbert, the de- 
signer, at the Solid State Circuits 
Conference this week. 

For modems. British Post Office 
modem specs demand high fre- 
quency stability to reduce bias dis- 
tortion, which means that chip tem- 
perature stability has to be very 
good. Gilbert calculates it must be 
better than 30 parts per million per 
°C. He claims he has achieved 20 
parts per million per °C up to 100 
kilohertz, from -15°C to +85°C. He 
says this is an order of magnitude 
improvement over comparable de- 
vices made by Signetics and RCA. 

He has also put circuitry onto the 
chip for converting two binary in- 
puts into four precise oscillator fre- 
quencies and for converting the de- 
modulated output of the PLL into a 
binary signal. The frequencies are 
pre-determined by off-chip resistors, 
which generate four currents ap- 
plied to inputs at ground potential, 
making them easy to program. 

Wide range. Gilbert claims a 
500:1 frequency range with one ca- 
pacitor and a linearity of 0.2%. 
Ground potential input also means 
that when the oscillator’s free-run- 
ning frequency is the same as the in- 
put signal frequency, the loop out- 
put is 0, which means that 
subsequent signal processing is easy. 
The mark/space ratio can also be 
varied over a range from 0.001:1 to 
1,000:1 by connecting the binary in- 
put to the VFO output and using 
appropriate timing resistors. 

The phase comparator block is 
conventional, except that it is pre- 
ceded by an amplifier to cut the in- 


put level necessary to load the phase 
comparator to about | millivolt rms. 
And it is followed by a linear multi- 
plier with a connection to one pin so 
that the loop gain and output cur- 
rent can be externally controlled. 
There is also a completely separate 
op amp circuit on the chip with 
CCITT-compatible output. In a 
modem this would be used for post- 
demodulation slicing. 

Push-pull. The oscillator is a 
push-pull emitter timed relaxation 
type of a new design. Gilbert has 
achieved good stability by taking 
care to identify and eliminate drift 
sources—for instance, emitter cur- 
rent densities at the instant of re- 
generation have been made as 
nearly equal as possible. Sensitivity 
to supply variations is claimed to be 
down to 50 parts per million for 1% 
voltage change, and the mark/space 
ratio accurate to within 0.5%. 

Another new Plessey IC, for TV re- 
ceivers, being described at Phila- 
delphia puts onto one chip the i-f 
and detection stages for both video 
and sound. Currently, a set maker 
has to buy three chips for these 
functions—i-f amplification; low- 
level video detection, which may 
also include automatic gain control 
and a buffer for automatic fre- 
quency control; and fm sound de- 
tection. Plessey’s 85-mil-square chip 
contains all these functions. The 
company says it’s cheaper than buy- 
ing three separate chips, gives a bet- 
ter performance, and does not re- 
strict the set designer’s flexibility. 

On a chip. Getting it all on one 
chip with a video gain of 96 dB—rms 
input to peak-to-peak output—at 40 
megahertz and a sound i-f gain of 
60 dB without introducing instabil- 
ity involved problems that chip de- 
signer Graham Baskerville will de- 
scribe. One solution has been to 
include a large substrate contact 
across the entire chip between the 
sound and video sections, providing 
a shunt path of about 10 ohms from 
the substrate to earth. This reduces 
the possibility of interference in the 
video channel from harmonics of 
the sound i-f. Another technique 
has been to screen the video i-f am- 
plifier input pads and resistors with 
buried n+ diffusions connected to 


the decoupled age pad, which re- 
duces capacitive coupling to the 
substrate by 30 dB. Baskerville 
proves stability by putting his hand 
on the back of the board holding the 
demonstration i-f system: it doesn’t 
cause any oscillations. 

It’s a snag of synchronous detec- 
tors that pulse interference can pro- 
duce white noise on the screen. Bas- 
kerville gets rid of this by including 
a differential Schmitt-trigger noise 
inverter in the video amplifier. It 
returns all noise above a white 
threshold to mid-grey level. 


Japan 


Color TV projector 
replaces home movies 


Take a 13-inch color picture tube, 
increase its brightness by a factor of 
more than three, project its picture 
by a large lens onto a curved screen, 
and you have Sony’s latest con- 
sumer product. Sony’s prototype 
uses a 40-inch-wide screen about 5 
feet in front of the projector to give 
the equivalent of a 50-in. picture. 
Input to the system can be a mag- 
netic-tape recorder or a TV tuner. 

The Sony Video Color Projection 
System is scheduled to go on sale 
this fall, with the projection unit 
selling for about $2,000 in the U'S. 
The screen will cost another $250. 
The picture tube is similar to those 
used in regular Sony sets but in- 
cludes a number of small changes 
and improvements, including a 
more transparent faceplate, higher 
accelerating voltage, and new phos- 
phors. 

Lens. The projection lens was de- 
signed by Sony and will be fabri- 
cated by a contractor. The lens has 
large glass elements about 5 inches 


Project. Sony’s home color TV projection 
system has specially designed screen. 


@~ 


in diameter, because it must have 
high light transmission. But its reso- 
lution can be a controlled low value, 
not high enough to show horizontal 
scanning lines or vertical color stripe 
pattern clearly, yet not seriously de- 
grade the image. Furthermore, the 
screen is curved to match the curva- 
ture of the cylindrical faceplate of 
the tube. Because of the low resolu- 
tion requirement and the low mag- 
nification, it is possible to design a 
very inexpensive lens. 

The curved screen has a metal- 
ized plastic surface, with a fine sur- 
face pattern that gives it much 
higher directivity in the vertical di- 
rection than in the horizontal direc- 
tion. This directivity, which corre- 
sponds to high antenna gain in a 
radio system, greatly increases the 
brightness of the projected image 
over that which would be seen on a 
conventional movie screen. 

Bright. The projected picture has 
a peak white highlight brightness of 
about 3 foot lamberts, which is simi- 
lar to that of an 8-millimeter home 
movie. But it is much more attrac- 
tive because of higher contrast. 
Even though picture is more than 
an order of magnitude darker than 
the average TV picture, contrast is 
superior—about 40 decibels for the 
projected picture compared with 
about 26 dB for directly viewed 
color television. 


Unijunction transistor leads 
to low-power shift register 


Development of a better unijunc- 
tion transistor—with small valley 
current—was the first step in the de- 
velopment of a low-power semicon- 
ductor shift register at the Musa- 
shino Electrical Communication 
Laboratory of the Nippon Tele- 
graph and Telephone Public Corp. 
The device consists of a large num- 
ber of unijunction transistors on a 
single chip. 

Shift-register operation is possible 
because the electron-hole plasma 
that carries current between the 
emitter and collector of an individ- 
ual element spreads into the region 
of adjacent elements, reducing the 
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peak voltage of these elements. 

The most attractive application of 
the new device will probably be use 
as a mass memory. Since operation 
is digital, it can be designed to per- 
form logic—which perhaps will be 
most advantageous for control of 
the memory rather than as straight 
logic device. Logic capability, much 
more powerful than that of bubble 
memories, includes ability to per- 
form simultaneous and feedback 
logic, as well as sequential logic. An- 
other potential application is as an 
optical imaging device. 

Power saving. The new shift regis- 
ter operates on 5 volts. Individual 
elements have a power consumption 
of about 0.5 milliwatts in the on 
state and about 0.2 mw in the off 
state, for a mean power consump- 
tion of about 1 mw per bit. This is 
approximately the same value re- 
quired by MOS shift registers. The 
manufacturing process, though, is 
essentially the same as for charge 
coupled devices, because only two 
diffusions are required. Linear pitch 
of about 20 microns per bit is also 
similar to charge coupled devices. 

Present transfer speed of experi- 
mental devices is up to 10 me- 
gahertz. There is no minimum 
speed, as required in dynamic MOS 
circuits. The stored signal is regen- 
erated at each bit, which in charge 
coupled device terminology corre- 
sponds to 100% charge transfer. 
Output voltage is 0.4 V when oper- 
ated from a 5-V supply with an on 
state power consumption of 1.5 mw, 
and is variable up to about 3 V for 
higher power consumption. 

Experimental. Devices fabricated 
so far show a good yield, indicating 
that final price will be lower than 
for MOS devices. Fabrication of de- 
vices with 1,000 bits on one chip is 
expected before the end of the year. 

Although a unijunction diode has 
three terminals, it is operated as a 
two-terminal element in this device. 
The base—often called base 2 in 
American references—merely pro- 
vides a direct current bias. In its 
simplest form, this device has a long 
and narrow base diffusion, a linear 
array of emitter diffusions equidis- 
tant from the base diffusion, and an- 
other linear array of collector diffu- 


sions on the side of the emitter 
opposite the base. By making the 
collectors small and keeping the 
spacing between them small, plasma 
coupling is obtained between them. 
Isolation to prevent coupling to 
other arrays on the same chip can 
be had by carrying the base diffu- 
sion completely around the array. 

Small collectors used in the indi- 
vidual unijunction transistors make 
for high negative resistance and low 
valley currents, which together with 
low voltage levels, keeps the power 
consumption per bit down to MOS 
levels. Current flow in these ele- 
ments produces an_ electron-hole 
plasma, in which there is no net sur- 
plus or deficiency of either polarity 
of carrier. 

Clocks. Because this device oper- 
ates in a two-terminal mode, a mul- 
tiphase clock is needed to obtain 
unidirectional signal transfer. A 
three-phase clock is used with ex- 
perimental symmetrical devices. As- 
symmetrical devices, in which cou- 
pling from a given device is 
predominately to one of its two 
neighbors, have also been made. 
With these devices a two-phase 
clock has been used. Still further 
variations in geometry are used to 
provide logic capabilities. 

Optical imaging is obtained very 
simply. Photoresponse of the indi- 
vidual unijunction transistors causes 
a decrease in peak voltage when 
they are illuminated. A pulse of 
proper amplitude superposed on the 
clock pulse will cause only illumi- 
nated bit positions to turn on. Then 
ordinary clock pulses can be used to 
shift the stored information in the 
usual manner. 

The device will be explained in 
more detail at the International 
solid State Circuits Conference by 
Toshimasa Suzuki and Yoshihiko 
Mizushima of the Musashino lab. 


The Netherlands 


Bucket brigades speed 
optical character reading 


For human beings, the admonition 
against trying to do two things at 
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once is perhaps best heeded. But 
when it comes to optical scanning, 
reading one pattern in while reading 
another one out has all sorts of ad- 
vantages. One of the main ones: the 
photodiodes keep integrating light 
continuously, meaning theres a 
higher signal output—all else being 
equal—than can be had when read- 
ing in and reading out sequentially. 

The trick, of course, is to find a 
way to read patterns in and out si- 
multaneously without mixups. Re- 
searchers at Philips Gloeilampen- 
fabrieken’s laboratories in Eind- 
hoven have found one. They have 
integrated a row of 64 photodiodes 
and a bucket-brigade memory into 
a single metal oxide semiconductor 
chip. The device holds high promise 
as the basic building block for opti- 
cal character readers. 

Diodes and bucket pairs. For each 
of the 64 diodes, there’s an associ- 
ated pair of buckets and an MOS 
transistor switch. Because of the 
switches, the diodes are isolated 
from one another and from the 
bucket brigade line, except when a 
switching pulse turns the transistors 
on. With a clock pulse of 1 
megahertz, the pulse lasts only 0.5 
microseconds out of a readout cycle 
lasting 32 microseconds, so the 
diodes are integrating light prac- 
tically full time. 

When the transistors switch, the 
charges built up on the diodes are 
fed into the memory and then the 
stored pattern is moved along 
bucket-brigade style to the output, 
where the signal is picked off by a 
source follower. “The bucket bri- 
gade acts as a buffer memory for 
each pattern, and the output is a 
time-multiplexed video signal,” says 
Henk Heyns, the circuit engineer for 
the development. 

Prototypes. For the first versions 
of the bucket brigade scanner, Phil- 
ips used p-channel technology. That 
limits the clock speed to 1 MHz, a 
trifle slow for some optical character 
reader applications. ““We can get the 
speed up to between 5 and 10 MHz 
simply by switching to n-channel 
MOS,” says Joop van Santen, head 
of microcircuit work at the Eind- 
hoven labs. That would put the 
scanner well inside the speed range 


needed for fast OCR. As for dynamic 
range, the scanner already has what 
it takes. The ratio of maximum out- 
put signal to illumination noise is 
30:1. In other words, a reader based 
on the scanner could distinguish 
among 30 shades of gray. 

Matrix next. In these first experi- 
mental versions, the scanner has a 
row of 64 diodes with a pitch of 50 
microns, flanked by the buckets. 
Processing of the chip presents no 
particular problems although extra 
aluminization is needed over the 
buckets to keep them in the dark. 
The transistors in the buckets are 
also photosensitive, like all semicon- 
ductors. 

Now that the concept has been 
proven out with a row of diodes, the 
next step is a matrix. Van Santen 
expects a 50-by-50 array will be fea- 
sible within a year or so at reason- 
able chip yields. Philips now can get 
400 buckets tucked into an area | 
millimeter square with normal pro- 
cessing. 


West Germany 


Piezoelectric plate feeds 
hand-writing to computer 


A new graphic computer input de- 
vice that accepts hand-written data 
is now being perfected at West Ger- 
many’s Siemens AG. Developed at 
the company’s Munich laboratories, 
the device transmits data over regu- 
lar telephone lines either to a com- 
puter for storage or to a terminal 
where the information is displayed 
in real time. With that capability the 
equipment can be used for signature 
verification in banks or for trans- 
mitting hand-drawn charts, 
sketches, or graphs. 

To be sure, electronic equipment 
for picking up hand-written data 
and reproducing it at a distant point 
has been around for quite some 
time. The new Siemens gear, how- 
ever, differs in its extreme simplicity 
and low cost. Yet, it does not sacri- 
fice accuracy. 

In any kind of graphic input de- 
vice, the basic idea is to contin- 
uously determine each instan- 


taneous position coordinate of a 
stylus or probe moving across some 
sort of pad. The coordinate values 
are then converted into pulses for 
transmission to a display. The writ- 
ing pad, the key component in such 
equipment, is usually made up of 
vertical and horizontal conductors. 
The X and Y coordinate values are 
fixed by pulses that are generated 
when the stylus causes the conduc- 
tors to make contact at their inter- 
sections. 

To the Siemens developers even 
such straight-forward setups ap- 
peared much too complex. Besides, 
the accuracy of the reproduced data, 
they contend, is limited by the con- 
ductor spacing. 

Piezoceramic. They overcame 
these drawbacks with a simple 
piezoceramic plate serving as a writ- 
ing pad. The equipment uses the 
well-known phenomenon that 
piezoelectric materials generate a 
voltage when pressure is applied to 
their surface. But with this plate, it 
is not the pressure of the probe itself 
that’s used but the pressure of ul- 
trasound waves within the material. 
These voltages, indicative of par- 
ticular coordinate values, are picked 
up by the probe, processed, and sent 
to the display. 

Attached to two adjacent edges of 
the piezoceramic plate are silver 
strips, to which a 500-hertz square- 
wave signal train is applied. The 
pulses, 5 volts in amplitude and 0.5 
microseconds wide, are fed to the al- 
ternate edges and set up the ul- 
trasound waves. 

Timing. Absorbent material on 
the opposite edges prevent reflec- 
tions of the waves. Since the ceramic 
material is homogeneous, the waves 
go through it at a constant velocity 
and travel parallel with the edges at 
which they originate. 

Since the signals alternate, the 
sound waves first move from top to 
bottom and then from left to right. 
The waves compress the piezoelec- 
tric material, producing a precisely- 
timed voltage wave front that pro- 
ceeds in the same direction. The 
material compression is very small. 
Yet it is sufficient to generate about 
0.2 V. The voltages are capacitively 
picked up by the probe. 


Electronics/February 14, 1972 


by 


he 


Have you 


hear 
about 


Rochester's |. 


smaller 
successes? 


Sure, you know about the big ones. 
In copiers and cameras. In 
microscopes and men’s wear. But a 
lot of smaller businesses are on their 
way up in this fertile, dynamic 
9-county area of Western New York. 
Would you like to know who they 
are, how they’re growing ... and how 
to find just the plant space or site 
where your company can make it big, 
too? Could you use facts about labor, 
and educational, recreational and 
transportation facilities? If so, call 
collect or write to Bob Hall, Director 
of Area Development, Rochester Gas 
& Electric, 89 East Avenue, 
Rochester, N. Y. 14604 (Telephone: 
716-546-2700). Nobody knows more 
about this area than we do. And 
because we make money selling 
energy to industry, we’re eager to 
share our knowledge with you. 


R.F.Communications made it here. 
How about you? 
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ORDER > DELIVERY 


Specify 
tee USTOM 
Mica Capacitors 


For 
hermetically 
sealed or 
potted in 
applications. 


For specialized 
mounting ar- 
rangements 
and operation 
under selected 
environmental 
parameters. 
For 
specialized 
form factors 
and operation 
under 
environmental 
extremes. 


Custom Electronics can fill your 
mica capacitor requirements in 
minimum reaction time (inquiry; 
to quote order to delivery). 
Meet your design engineer’s 
requirements for higher voltage, 
higher temperature and greater 
reliability by calling on 

Custom Electronics for Mica 
Capacitors. 

The greatest single cause for 
capacitor failure is a short in 
the dielectric material. 
Consequently, we precisely in- 
spect and grade all of our 
dielectric material before 
production. The result is the finest 
quality capacitors of their kind 
available today. 


Write or call on your application 
today! 


d ~USTOM 


The QC Fanatics 


CUSTOM ELECTRONICS, Inc. 
Browne St., Oneonta, N. Y. 13820 
PH: 607-432-3880 TWX 510-241-8292 


141 onreader service card D1 


A TOTAL CAPABILITY 
FROM ADVANCED 
THYRISTOR TECHNOLOGY 


TRIAC’s 
& SCR’s 


FOR MOTOR, HEATING, 
COOLING AND LIGHTING 
CONTROLS AND 
SPECIAL APPLICATIONS 


ALL POPULAR PACKAGE 
CONFIGURATIONS WITH 
VOID-FREE 
GLASS-PASSIVATED CHIPS 


Included are electrically isolated 
6, 8, 10 & 15 Amp center-gate 
plastic (ISOTAB*) and 30 and 40 
Amp electrically isolated, center- 
gate press-fit TRIAC’s. All feature 
improved critical and commutating 
dv/dt ratings and di/dt capabili- 
ties with low switching losses. 

Hutson thyristors are available in 
a wide range of current and volt- 
age ratings from 3A and 4A 
sensitive-gate to 35 and 40 Amp 
standard gate devices; and from 
30V.and 50V to 600V (Vorom). 


PATENTED 
DI-MESA* ls 
CONSTRUCTION . 


This chip construc- H 
tion provides a dual i 
mesa barrier to pre- | 
vent minute fractures, » ! 
caused by the dicing 
operation in glass- 
passivated chips, from 
spreading and caus- 
ing an eventual device 
failure from repeated u 
operational cycling. 


,_&2 


*T.M. HUTSON INDUSTRIES 


HUTSON INDUSTRIES 


2019 W. VALLEY VIEW LANE 
DALLAS, TEXAS 75234 (214) 241-3511 
TWX 910-860-5537 


Distributed by: 


BODELLE COMPANY, Chicago, III. 
312/468-1016 m@ NEWARK ELECTRONICS 
CORP., Inglewood, Cal. 213/678-0441 
THOR ELECTRONICS, Elizabeth, N.J. 
201/354-2420 


Canada: WEBER-SEMAD ELECTRONICS, Downsview, Ont. 


European Marketing Director: 


30 Rue Pierre Semard, Yerres, 91 France 
Tel: Paris 925-8258 TELEX 21-311 


Distributed in Europe by: 
Switzerland: D. LEITGEB, Dubendorf 
Sweden: ELEKTROFLEX, Sundbyberg 
Spain: BELPORT, Madrid 

Holland: RODELCO, Den Haag 
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LOV-COST 


Now from EECO, logic hardware and low-cost come together, all you need is 
your design and you've got it made. 


PANELS... World's largest 


selection of sockets, 


KITS... Take advantage of new low-cost (S186 up) 


breadboard kits everything you need includ panels, drawers and special assemblies 
ing modular socket boards with more location flexibility everything to implement your IC logic design. Low-cost, 
from 14, 16, and 28 pin IC assemblies. We'll send you high density, socket modularity and fast delivery, all 
frames, boards, plugs, clips, terminals and enough wire to combined to give the ultimate in design flexibility. If you 
wrap up the job, Even a wire wrapping tool and power want more help from us than that, ask about our 
supply, if you like. And EECO provides an advanced power computer-aided-design and wire wrap service from logic 
distribution system to knock out high speed switching diagram to wired hardware in 4 weeks. |f you're thinking 


transients, so you maintain full noise immunity logic design, EECO’s thinking of you 


Send for the latest kit information in the new hardware supplement. 
ELECTRONIC ENGINEERING ane. of peaoenaci: 


ELECTRONIC PRODUCTS DIVISION ¢ 1441 E. Chestnut Avenue « Santa Ana, California «© Phone 


(714) 547 5 
TWX 910-595-1550 Telex 67-8420 


Circle 158 on reader service card 


Roll Out the Red Carpet 
— For Toko’s 

New Low Cost 
Migh-Speed 

Memory 

System 


Here’s a real eye-opener for computer 
designers—Toko’s new 65K byte memo- 


ry system, HS-400L. It’s constructed with two 

basic sub-assemblies—woven-plated-wire memory stacks 

and electronics packages. Designed for medium and large scale 
computers, the HS-400L offers high reliability, easy maintenance and a 
flexible arrangement of word lengths. 


General Specifications: ® Memory Capacity: 32,768 words—18 bits (Internal Or- 
ganization is 8K words—72 bits) ® Access Time: 220 ns Random Access @ Cycle 
Time: Clear/Write 450 ns Read/Restore 450.ns @ Operating Mode: Destructive 
Read-Out @ Temperature Range: O° C to 50° C (Operating) @ Measurement: 
16.5(H) x 19.0(W) x 10.0(D) @ Interface Level: TTL compatible @ Power Dissipa- 
tion: 0.3 m W/bit max. 


For further information, just call or write 


eY BE TOKO, INC. 


Head Office: 
a New York 


1-17, 2-chome, Higashi-Yukigaya, Ohta-ku, Tokyo, Japan 

Toko New York Inc. 

350 Fifth Avenue, New York, N.Y. 10001 U.S.A. Tel: 565-3767 

Toko, Inc. Los Angeles Liaison Office 

1830 West Olympic Blvd., Los Angeles, 90006 Cal. U.S.A. Tel: 380-0417 
Toko, Inc. Europe Liaison Office 

4 Diisseldorf, Kolner StraBe 246, Disseldorf, W. Germany Tel: 78-7064 


Los Angeles: 


Disseldorf 
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What do you want 


A) Positive ‘‘stall-free” detents with: spring return, 
isolated position or keylock option. 


@© Circuit versatility 1-12 poles/deck, 2-24 posi- 
tions/pole. 


Solder lug or PC mount terminals. 
@ Molded-in terminals. 


These are just a few of the thousand-plus standard 
design options with Grayhill Rotary Switches. 


For our latest Engineering Catalog write or phone: 
Grayhill, Inc., 523 Hillgrove Ave., aX 


Fay hill 


La Grange, Illinois 60525. 
(312) 354-1040. 
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"72 HEATHKIT CATALO ey ie 


@ Now with more than 350 kits } 


to save you money | = 


multimeter for just 229.95* 


A kit form multimeter that meets lab 
specs for about half the cost of com- | 
parable wired units ...has 342 digits | 
for 100 uV resolution on 200 mV / 
range, 1Von 1000V...canbecali- / 
brated to 0.2% accuracy VDC with —~ 
calibrator provided, or lab calibrated to 
0.1%. There’s also a new 5” triggered sweep 

scope at a price you can’t afford to pass up + 
. .. DC-10 MHz response, 50 ns sweep rate 
with magnification, AC-DC coupling, 50 mV 
sensitivity, all for only 229.95*. Not to 
mention over 350 other fun-to-build, money 
saving kits for every hobby and profes- 
sional interest ... from test instruments, 
marine and ham radio gear, to stereo-hi-fi 
and color TV. The Heathkit catalog is bigger 


& better than ever this year. Order yours now. 

LC Ok a eT or og a aE Schlumberger fia 
! HEATH COMPANY, Dept. 53-2 g 

' Benton Harbor, Michigan 49022 

Please send FREE Heathkit Catalog. 


e See the new Heathkit 31/2 digit 


Name. 
Address 
| city State Zip 
I Prices & specifications subject to change without notice. 
1 *Mail order prices; F.0.B. factory. TE-256 
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How much 
free time 
do you have | 
available for | 
reading? | 


¥ 
4 
- 
a 
Add up the number of magazines that 
come across your desk. ri 
Multiply them by an average reading time 
— minutes to scan, an hour or more to dig in. > 


Most people can only spend six hours each 
week on all sources of occupational information. 

So how do you fill your professional needs P 
and still keep your reading within reason? 

Leaf through this issue again. 

Notice how much of its editorial is ™ 
designed to keep you aware of trends, show 
you how new technologies are being applied, 


e . Ps ° ¥ 
and give you information on new products. 
If you want to keep yourself up to date and 
cut down on your reading time, do the same yi 


thing with every issue of Electronics. 

When you make Electronics your regular 
habit, you'll find you have only occasional r 
need for other electronics magazines. 

More information, in less reading time, is 
one reason it pays you to have your own 
subscription to Electronics. 


Electronics. . 


It’s all you need to read. 
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